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3 SPECTRA’ SENSITIVITY OF THE TURTLE, PSEUDEMYS 


JOHN C. ARMINGTON! 
* . Army Medical Service Graduate School, 


havipr of the turtle remain unanswered. The 
Present paper is concerned primarily with two, 


Namely its spectral sensitivity and the possi- 


bil 


‘ity of a; functional night-vision mechanism. 
ae chelonian retina has long been regarded 
wade of functioning only under photopic 
a lions, a belief which is based largely 

i oo early anatomical observations. More 

TA a few investigators (7, 14, 15) have 
Sed that it possesses occasional scotopic 
€ceptors. There has been no demonstration, 
owever, that these extremely sparse units are 

9 any importance in the animal's behavior (6). 

af, different approach may be made through 

Ns udy of the electroretinogram (ERG) and 

sena nent , Waves. Evidence concerning 

Varyi Ivity to stimuli of different intensity and 

Nenrdr wave lengths has been obtained, and 

Dotenti have been examined for scotopic 
Sm tials. In addition, the electrophysiological 
ings have been related to a behavioral 
ra] mination of dark-adapted relative spec- 
Sensitivity, 
METHOD 
k Abparatus 


th Electricat recording apparatus used for recording 
With tS was essentially the same as has been used 
L fication human eye (10, 13), the only important modi- 
Preparati eing the addition of supports for an animal 
Outline a Accordingly, its operation will only be 
ere. There were two basic pieces of equip- 
e delivered flashes of known spectral com- 
nd intensity to the eye, and the other recorded 
responses, 
alor. The stimulator consisted of an array of 
Shutter ^Ptical filters, a 50 c.p. tungsten lamp, and a 
Presen A of which were rigidly mounted so as to 
n angle uniform circular stimulus patch subtending 
compositio, 7.5° at the pupil. Intensity and spectral 
Ensity gi n were varied with interchangeable, neutral 
9f e, aters calibrated so that the relative amounts 
Down (2) tained in successive stimulus flashes were 
: Stimuli had a duration of 0.02 sec. 


Stimag 
lens mii, 


vetity us e Periments were performed at Brown Uni- 
ug Support of the Office of Naval Research, 
“Press his of the Navy.’ The author would like to 
Vice ang sue titude to Professor L. A. Riggs for ad- 
É&estions made in regard to this work. 


d 
| 
i * Walter Reed Army Medical Center 
"E we 
Many "questions regarding the visual be- 


Recorder. For recording, a pair of conventional cotton 
wick electrodes, one placed upon the cornea and the 
other inserted into the mouth, were used. Signals from 
the electrodes were led to both a direct-coupled and a 
capacitance-coupled amplifier. The capacitative chan- 
nel (from which we have taken most of our measure- 
ments) permitted stable recording with a high gain. 
The direct-coupled tracing was examined to be certain 
that the capacitative system was faithfully reproducing 
the principal features of the electroretinogram. In addi- 
tion, a time scale and a signal mark indicating the oc- 
currence of a test flash appeared on the photographic 
record. * 

Apparatus for behavioral observations. A modified 
Yerkes discrimination box consisting of a rectangular 
tub or runway filled with 6 in. of water was used to 
determine relative spectral sensitivity on the basis of 
performance (Fig. 1). The animal was required to move 
from the starting box at one end to either of two alleys 
at the other end. A lighted stimulus screen at the end 
of the “correct” alley indicated the proper choice. As 
a reward, a bit of horse meat supported by a small hook 
could be lowered immediately in front of the lighted 
panel. 

The stimulus screens were panels of opal glass upon 
which light was projected from the monochromator 
section of a Beckman D. U. spectrophotometer. This 
was accomplished by means of a system of achromatic 
lenses and mirrors which produced a 1-in. by 34-in. 
image of a stop actually located within the spectro- 
photometer. The apparatus was calibrated so that the 
relative energy transmitted at each wave length and 
intensity was known to E. Stimulus intensity was con- 
trolled with neutral density filters. A tungsten filament 
maintained at a temperature of 2,700? K served as a , 
light source. 

As the apparatus was kept in complete darkness, 
E could not observe the animal directly. To overcome 
this difficulty, a signal system was employed. Whenever 
a turtle entered an alley, it pushed aside a lever or gate, 
which in turn closed a switch activating a pilot lamp 
circuit. Light from this lamp was not visible from the 
runway. 


Procedure 


Electrical recording. A procedure which allowed re- 
peated use of the same animals was adopted. At the 
beginning of an experimental session, a. turtle was in- 
jected with approximately 8 mg. of d-tubocurarine 
chloride per kilogram of body weight. The action of the 
drug is gradual; even though no immediate effect was 
noticeable, complete paralysis set in 30 to 40 min. 
later. The animal was then attached to the stimulator. 
To permit breathing, a cannula connected with a 
mechanical respirator was inserted through the mouth, 
into the glottis. Finally, thc electrodes were adjusted 
and alignment was made with the optical system. Al- 


Fic. 1. Floor plan of the runway apparatus 

S, starting box; G, hinged signal levers or gates; P; 
dividing partition separating runway into two alleys; 
W windows; O, opal glass screens. To secure the reward, 
the animal had to thrust its head through a window, 
W, and bite at food which was suspended from a hook 
immediately in front of O. The window guided the 
animal's head to the proper place for feeding. The run- 
way measured 5 ft. by 2 ft. 


though this completed initial preparations, actual re- 
cording did not begin until there had been at least 45 
min. of dark adaptation. 

Test flashes were administered at 2-min. intervals, 
and recording was carried on for 2 or 3 hr. Upon termi- 
nation of the experimental session, the turtle was in- 
jected with sufficient neostigmine methyl-sulphate 
solution to counteract curare and relieve paralysis. 

All recording was performed at a room temperature 
of 25° + 3° C. 

Measurement of records. Yt is evident from the records 
shown in Figure 2 that the electrical response consists 
of several successive waves. Experiments were per- 
formed to provide information concerning (a) the re- 
lationship between height of each of these responses 

and stimulus intensity, (b) the relation between latency 
and stimulus intensity, and (c) relative spectral sensi- 
tivity. Controls were performed (a) to see what effect, 
if any, curare has upon the electroretinogram, (b) to 
see whether deterioration of the ERG takes place dur- 
ing an experimental session, and (c) to see whether an 
“off effect" may account for any of the waves. 

Measurements of amplitude and delay have been 
made as follows: Amplitude of the entire response is 
measured from its most negative to its most positive 
point; amplitudes of individual waves are measured 
from negative troughs to the positive crests immediately 
following, and delay or implicit time is measured from 
the onset of the stimulus to individual positive crests. 

The main steps required for computation of relative 
spectral sensitivity are as follows: A plot is made of 
the magnitude of the activity in question as a function 
of stimulus intensity. The degree of neutral filtering 
necessary to decrease response to a criterion magnitude 
is read from the plot. Since the energy emitted by the 
source and transmitted through the color filters is 
known, it is possible to reduce this value by the amount 
of neutral filtering and hence to determine the energy 
demanded for the criterion. Measures of this sort made 
with each spectral filter provide an indication of spectral 
sensitivity. A criterion height of 25 microvolts was used 


2 The original calculations of Riggs, Berry, and 
9 Wayner were available (13). They have been reworked 
to provide the necessary information. 
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Fic. 2. Typical turtle electroretinograms. Stimulus 
was white, 2.0 log units below maximum intensity, 0.02 
sec. in duration. (Turtle 8) 


to investigate relative spectral sensitivity of the entire 
response; 12 microvolts were used for individual waves. 

Discrimination procedure. It was first necessary to 
train the animal to enter the alley with the illuminated 
panel. The reward was placed immediately in front of 
the stimulus area as the alley was entered. No punish- 
ment was administered for an incorrect choice. For 
early training very bright stimuli were used. As per- 
formance improved, the light was gradually reduced 
until the reward was no longer clearly visible. At this 
point the animal was forced to snap blindly at the 
lighted area until its mouth contacted the reward more 
or less by chance. Indeed, the lights were so weak that 
E was unable to see the animal. However, snapping 
movements were clearly audible, and when S finally 
bit the reward, it gave the supporting hook a vigorous 
tug. This signaled E that the reward had been ob- 


box. 


Well over three hundred training trials were re- 
quired before the animal barely succeeded in making 
correct choices nine times out of ten with stimuli 
well above threshold. Then it was presented with a 
series of 375 stimuli of selected wave length and 
intensity. The entire procedure was extremely time- 
consuming. No more than 25 runs could be made 
per day. As a general rule, the animal required 2 tc 
3 min. to move the length of the runway. Occasionally 
it took still longer. If it delayed for more than 5 min. 
the trial was counted as a failure. 3 

These experiments were performed after 19 hr. of 
complete dark adaptation. The temperature of the 
water in the runway was kept at approximately 25° C. 


Subjects 


Turtles used in these experiments may be classified 
as Pseudemys scripla elegans (5). The spectral data 
for the ERG are based on results from three animals 
those for performance on one. 1 


RESULTS 


Characteristics of the ERG. A typical elec- 
troretinogram consists of an initial negative 
deflection followed by a series, of brief, sharp, 


tained, and the turtle was returned to the starting — 


: 


; 
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positive waves, as shown in Figure 2. The 
particular form of the response cannot be at- 
tributed t use of the düg curare. As a con- 
trol, a few responses were obtained without the 
administration of any' drug, and these ex- 
hiblted essentially the same characteristics. 
Amplitude?of the complete response seldom 
exceeded 75 to 100 microvolts. Figure 3 shows 
-Tesponses td flashes having a duration of 15 
Sec. As the intensity of the stimulus increases, 
two’ effects may be seen: (a) the individual 
components become larger and (b) more waves 
ate Apparent. There is almost no “off” r 
Sponse except with the most intense simile, 
a demonstrates that the small positive 
M S or ripples are not a summation of an 
hes and “off” response. In fact, when an 
tud, effect i is present with appreciable magni- 
oscil, it too is superimposed with several small 
Wr ations. The way in which response changes 
ihn Stimulus intensity. may be understood 
à er by referring to Figure 4. Much could 
i ton about these graphs. However, we wish 
each ake three main points: (a) The height of 
h of the component waves increases more 
se regularly with stimulus intensity. (b) 
P later waves are always smaller and tend 
p disappear with weaker stimuli. (c) Although 
eae d in latency are less striking, there is a 
unite trend toward greater delay as the 
nd Us is weakened. 
vid a Points on these plots represent indi- 
Measurements from a single animal. 
5, Some idea of the degree of variability 
countered in the present experimentation is 
K ded, They are presented, not only be- 
es € of e information they contain in them- 
but because they are typical of the in- 
colo; ity Eres which were obtained with each 
Spe etl filter in the investigation ‘of relative 
Sensitivity. 
elec da Sensitivity of the ERG. Response to 
Figure ny filtered stimuli is illustrated in 
Preciaby S. Red light elicits potentials of ap- 
throy i Magnitude which may be followed 
a y uonsideraDlg intensity range. On 


"es donis and, violet light is less effective. 
s Whi for two responses of the same height, 


ulus ich is elicited by a short wave-length 
ng iat the other by a longer wave- 
ulus, we find that ripples are more 
empl Ploy ed: When a long wave-length stimulus is 
Y indicates that the electro- 


Mog gray 
™ of the turtle may have two under- 


Fic. 3. “On” and “ofi” responses. From top to 
bottom, responses were obtained with a white stimulus, 
2.0, 1.0, and 0.0 log units below maximum available 
stimulus intensity. A large “‘ofi effect" was seen only 
with the brightest stimuli. (Turtle 4) 
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Fic. 4. Changes in height and latency of the first 
five waves as affected by stimulus intensity. Points 
are connected by straight lines. Each point represents 
a single measurement. White light was used as a stimu- 
lus. (Turtle 1) 


lying processes. One of these, resulting in a 
smooth, low-amplitude B wave is more sensi- 
tive to blue light, while the other, resulting i in 
a series of marked positive potentials, is seen 
with greater magnitude when red stimuli are 
administered. 

As a measure of relative spectral sensitivity, 
we have determined the relative amounts of 
energy required to elicit responses of criterion 
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Fic. 5. Responses to stimuli of different wave length and intensity. Zero stimuli of different wave lengths 
do not necessarily possess equal visual effectiveness; the intensity scale merely refers to the degree of neutral 


filtering employed. The wave-length value assigned to each interference filter is that of its transmission peak. 
(Turtle 5) 
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Fic. 6. Relative spectral sensitivity curves for three 
turtles. These curves are based on the height of the 
entire response. 


amplitude, Such data, based on the total height 
of the response as measured from its most 
negative to its most positive point, are given 
in Figure 6. Each curve is based upon about 


one hundred stimuli. Vertical displacement of ` S00 600 
one curve from another is used to represent WAVELENGTH - my 
eir. in absolute sensitivity. For example, 
e 
G of turtle 4 was roughly three-fourths Fic. 7. Relative spectral sensitivity of the com- 


of a log unit more sensitive throughout the ponent waves of the ERG (turtles 4, 3, and 5) 
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Spectrum than that of turtle 5, while turtle 3 
was quite sensitive to red light and less sensi- 
tive to bine. The result» are presented in this 

Way to show the degree of variation from one 

Preparation to another: 

Spectral sensitivity of individual ripples may 
be found also, as shown in Figure 7. To facil- 
eltate comparison, all curves have been ar- 
bitrarily equated at 636 my. It is evident at 
ones that the sensitivity of each of the indi- 

Vidüal waves is highly correlated with that of 

the others, Indeed, at the red end of the spec- 

iu at least, sensitivity of the ripples is es- 

wu | thé same as that of the height of the 

inte "esponse. No ripples of satisfactory mag- 
Ude for measurement were observed at the 
ue end of the spectrum. 

k ehavioral Spectral sensitivity. The outcome 
the behavioral studies is shown in Figure 8. 
Sensitivity curve having a maximum at about 

is "s Was obtained. A fact to be emphasized 

i at the turtle could successfully find ex- 

Temely weak lights. All the stimuli used in 

er. experiments were below the observer's 

T threshold nomatter what the wave length. 
act, red stimuli which the turtle could find 


Succ " Me 
essfully were sometimes invisible to the 


, Uman eye. 
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al sensitivity of a dark-adapted turtle 
upon performance in the runway 
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DISCUSSION 


Form of the ERG. The positive, rippled 
electrical responses found in these experiments 
are quite similar in form to those found by 
Noell (11). They do not exhibit any such 
enormous negativity as that which has been 
observed by Bernhardt (4) and Granit (8, 9). 
It may be significant that their turtles, actually 
of a different species (12), were in the midst of 
hibernation and had been decapitated prior 
to recording. Adrian (2) has noticed an initial 
positive potential from the eyes of animals 
which possess photopic mechanisms. From 
studies of the human retina, it appears that 
the human photopic response too is character- 
ized by one or more positive waves (1, 3). 

Spectral sensitivity. The present electrical 
determination of spectral sensitivity is in agree- 
ment with that of Granit. At first glance the 
red maximum appears less prominent, but this 
is merely a result of our usage of logarithmic 
units of sensitivity. The unusual sensitivity 
of the turtle ERG to red stimuli may be re- 
lated to the preponderance of receptors con- 
taining red oil droplets in this retina (14, 15). 
It has been conjectured that these act as selec- 
tive wave-length filters, and may be used in 
color discrimination (4, 16). 

Ripples. 'There has been no previous de- 
termination of the spectral performance of the 
individual ripples. They do not appear to be 
primarily concerned with color ability, as 
narrow bands of wave length will produce 
several fluctuations. One cannot say, for ex- 
ample, that the first wave is a manifestation 
of specific color activity, while the second is 
that of another, etc. Nevertheless, there is 
some support for the view that all these pointed 
waves are involved in response to the rela- 
tively long wave lengths. Only a comparatively 
low amplitude and smooth B wave could be 
elicited with blue and violet stimulation. The 
suggestion is that the turtle electroretinogram 
is a result of two complexes of activity. One 
of these, photopic in nature, gives rise to the 
prominent oscillatory ripples. The other, sco- 
topic, produces a small, smooth B wave. 

Comparison of spectral curves. The spectral 
sensitivity curve based on performance is 
markedly different from that of the retinal 
action potential. Owing to a limited amount of 
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data, we would hesitate to insist that this is 
the exact form of the dark-adapted visibility 
curve, but its regularity suggests that at 
least the gross features possess some validity. 
A reason for the difference in observed spec- 
iral sensitivity may be that the behavioral 
study was conducted with very weak light, 
while very intense stimulation is required for 
the ERG. The stimulus brightness used in the 
ERG apparatus is estimated to be in the 
vicinity of 10,000 ft.-L. (10), while that of the 
discrimination box was some 9 log units less. 
If ERG data could be obtained with weak 
stimuli, or if behavioral data could be obtained 
with intense stimuli, spectral curves might be 
more nearly alike. 

Although it is generally stated that the turtle 
possesses daylight-vision mechanisms only, 
we may recall that rodlike structures have been 
recently described (7, 14, 15). Both the smooth 
B wave and the performance curve suggest 
that these units are of some functional value. 

It is not strange that activity associated 
with these relatively rare structures does not 
produce a more appreciable electric effect. 
In the human eye, photopic mechanisms pro- 
duce only a minor electrical response which, 
under most conditions, is completely dom- 
inated by a much larger scotopic effect (13). 
An interpretation of this result is that scotopic 
receptors and their associated structures are 
quite numerous and, hence, produce large 
electrical responses. The limited population 
of photopic units cannot produce such an out- 
put. Yet it plays an important part in ordi- 
nary visual activity. The situation is reversed 
with the turtle retina. Although the electro- 
retinogram reflects properties of those struc- 
tures which occur in greatest numbers in the 
retina, these are not necessarily the only ones 
which may be used in behavior. 


SUMMARY 


The electroretinogram of the turtle was re- 
corded using conventional techniques. Records 
were examined in regard to wave form, changes 
with stimulus intensity, and relative spectral 
sensitivity. With one animal, a study of 
spectral sensitivity based on its performance 
in a discrimination box was made in addition. 

The findings were that the electroretinogram 
manifests a series of positive waves in addi- 
tion to a smooth, positive, B-wave component. 
Waves become more numerous and of larger 


amplitude with stimuli of increasing intensity. 
ERG spectral sensitivity measured in the 
dark-adapted eye is found to be greatest for 
long wave-length stimuli no matter whether 
the whole response or the individual waves are 
considered. Spectral sensitivity on a behavioral 
basis is markedly different and maximizes at 
a shorter wave length. These results are in 
agreement with the hypothesis that turtles 
possess both photopic and scotopic retinal 


mechanisms. 
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THE EFFECT OF PRELOADS OF WATER AND SODIUM CHLORIDE ON 


VOLUNTARY WATER INTAKE OF THIRSTY RATS? °? 


LAWRENCE I. O'KELLY 


LI 


. One of the basic problems in thirst research 
1S concerned with the means by which an 
animal achieves regulation of its “voluntary” 
j pacer intake when subjected to varying nega- 
“lve water loads. As Adolph (1) has shown, 
s € precision of this regulation varies from 
mu to species, the rat commonly showing a 
E €ncy to ingest slightly more water than is 
ceded to replace that which has been lost 
s a deprivation period. If, as seems es- 
Es lal, water must be transported to the cells 
mo dehydration is the necessary condition 
irst (Wulff, 12), the velocity of this trans- 
dd Should be a factor influencing the dura- 
west of drinking and the amount of water in- 
Ba during a limited period. A reasonable 
| af Would be that the more rapidly water is 
„ Sorbed in the intestine, the sooner it reaches 
Cells, and the less is the tendency of the 
P to overestimate its water deficit. 
P^» m factors regulating velocity of fluid 
| tion bon in the intestine are the concentra- 
= Sure mr ingested fluid and its osmotic pres- 
of ative to that of the extracellular fluids 
e body. Rabinovitch (7) for the dog and 
= and McDougall (10) for the rat have 
ncen that absorption velocity is related to 
bei; tration of NaCl in the ingested fluids, 
BRUM More rapid with increasing concentra- 
0,89 ° à maximum between 0.50 per cent and 
the ee cent, then rapidly decreasing through 
directi onic concentration and finally reversing 
hype pulling fluids into the intestine with 
findin nic solutions. Some of Rabinovitch’s 
Sorptios illustrate the large differences in ab- 
hajp,^? rate which may be obtained. In a 
loaq d Period 59 per cent of a distilled water 
ae absorbed, whereas when the load 
aCl solution between 0.40 per cent 
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and 0.70 per cent, 95 per cent of the fluid load 
was absorbed in the same time. 

Thus, a means is at hand for manipulating 
the rate at which a fluid is absorbed and for 
studying the effect of absorption rates on the 
animal's regulation of water ingestion. Analy- 
sis of the thirst mechanisms should profit by 
a technique of this kind, particularly with refer- 
ence to the persistent problem of factors de- 
termining the cessation of drinking activity 
well before fluid balance in the intercellular 
space is actually achieved. The present re- 
port is concerned with the effect of passively 
introduced stomach fluid loads on subsequent 
“free” water intake of rats that have been 
adapted to maintenance on a 23l4-hr. water 
deprivation. The first section presents pre- 
liminary data on preloads of varying volume 
of tap water, on the basis of which the con- 
stant-volume loads for the absorption ex- 
periments were selected. The second section 
presents the results of free intake following 
constant-volume preloads varying in concen- 
tration of solute. The third section is concerned 
with free drinking by dehydrated rats of 
solutions containing concentrations of solutes 
comparable to those in the preloading experi- 
ment. 


METHOD 


Animals. The animals used in this experiment 
ranged in age from 100 to 140 days. They were male 
albino rats of Sprague-Dawley stock, maintained on 
dry Purina Laboratory Chow constantly present in 
their living cages. 

Adaptation to drinking schedule. Water was removed 
from the living cages and the animals were given 
l4-hr. daily drinking periods in batteries of individual 
drinking cages in a room at some distance from the 
living quarters. Animals were weighed daily im- 
mediately before being placed in the drinking boxes. 
This preliminary adaptation period in all experiments 
was ten days. At the end of this period the animals were 
maintaining themselves at a quite constant weight 
and were drinking equally constant amounts of water. 

Drinking boxes and water tubes. The drinking boxes, 
4 in. by 11 in. by 6 in. high, were constructed of wood 
with a hinged wire top and with guillotine doors 
separating the rat from the drinking spout. The drinking 
tubes were 100-cc. eudiomcter tubes into which are 
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placed drawn-glass drinking tubes; the ends of these 
are inserted into the drinking boxes about 1 in. above 
the floor level. 

Solutions. All fluids used in these experiments 
were either tap water alone or tap water used as 
solvent for sodium chloride. Analysis of the tap water, 
secured from the Illinois State Water Survey, indi- 
cated that the constituents, in parts per million, 
were: Fe, 0.09; Mn, 0.00; Ca, 52.80; Mg, 28.50; NH, 
0.80; Na, 27.80; SiO, 18.60; F, 0.10; CI, 6.00; NO, 
0.46; SOs, 2.30; CaCO;, 300.00; total solids, 637.45. 
This is equivalent to a sodium ion concentration of 
0.0027 per cent and a chloride ion concentration of 
0.0006 per cent. 

Solution concentrations used in this study are 
expressed in percentages, and consist of x grams of 
solute dissolved in 100-x cc. of tap water. Thus, a 
1 per cent solution of NaCl would be made by dis- 
solving 1 gm. of NaCl in 99 cc. of water. Solutes were 
weighed on an analytical balance. 

Tap water was used in preference to distilled 
water for two reasons: (a) tap water was the fluid 
habitually consumed by the animals, and (b) Dennis' 
study (3) has demonstrated the harmful tissue effects 
and interference with permeability of intestinal 
mucosa exercised by distilled water. 

Technique of stomach-loading. All fluid loads were 
placed in the stomach by means of no. 8 French latex 
catheters attached to 25-cc. calibrated pipettes. 
Because velocity of absorption was the variable being 
investigated, Verzár and McDougall's warning (10) 
concerning the effect of emotional stimulation on 
absorption was heeded and the animals were lightly 
etherized before the stomach tube was inserted. This 
was used in preference to the methods of loading 
described by Machella and Griffith (5), although it is 
possible, but not established, that the additional 
struggle and resistance of the latter methods might 
have made little difference in the results. The fluid 
was transferred from the pipette by gravity flow at a 
rate of about 0.4 ce. per second. When the desired 
amount had been loaded, the tube was removed and 
the animal carried to its drinking box. The S usually 
had complete muscular relaxation at the time it was 
placed in the box. Recovery took place rapidly, and 
by the end of the standard 15-min. delay period the 
animal was active and was maintaining an alert 
orientation toward the door separating it from the 
drinking tube. After the 15-min. delay the door was 
opened and the animal allowed its usual J5-hr. drinking 
period. 

Experimental design. In most of the experiments 
to be reported the fluids were administered according 
to a latin-square design, each animal receiving each 
dosage variant in a randomly determined order. Each 
dosage day was followed by two days of ordinary 
deprivation and drinking as in the adaptation period. 
Preliminary experimentation showed that this two- 
day interval drastically reduced the “days” variance. 


EXPERIMENT 1: THE EFFECT OF PRELOAD 
VOLUME ON WATER INTAKE 


. Nineteen animals were given preloads of 
tap water of the volumes 0, 3, 5, and 7 per 


cent of the immediate preloading body weight. 
Each animal received each load, the order of 
treatment being randomized prior fo the ex- 
periment. A two-day interval of normal dep- 
rivation with 14-hr. drinking was interpolated 
between each treatment day. The upper load 
volume is near the top limit of normal water 
intake for animals of this age and weight range 
when on 23L4-hr. deprivation. One-half-hour 
free drinking was allowed after a 15-min. delay 
at each load level. 

The results are summarized in Figure 1, 
Free drinking is depressed as a, linear func- 
tion of the preload volume. However, it is in- 
teresting to note that the animals consistently 
overshoot the volume that would be predicted 
on the basis of their nonloaded intake. Their 
absolute "error" in estimating the volume of 
preload increases with the size of the load, 
thus looking very much like the typical errors 
of estimate met with in the measurement of 
any sensory capacity. The Weber fraction, 
secured by dividing the difference between 
total water under zero load conditions and 
total water under the respective load condi- 
tions by the volume of the load, approximates 
0.3, being 0.28, 0.27, and 0.35 for the 3, 5, and 
7 per cent loads. While more work is clearly 
needed to make this result interpretable, it 
seems possible that the rat is discriminating 
the volume of the load and not the decrease in 
negative water balance; if the latter were 
true, the error of estimate should be less rather 
than more as the size of the preload is in- 
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Fic. 1. Water intake of 23J4-hr. deprived rats 
following varying volumes of water preload. 
mean volumes of load corresponding to the 3, 5, an 
7 per cent of body weight Were 8.34, 14.38, and 20.03 
cc., respectively. 


; 


WATER PRELOAD AND VOLUNTARY INTAKE 9 


creased. Since the delay period between pre- 
load and access to the drinking tubes was held 
constant; it is likely that the amount of water 
absorbed from the gut was also constant under 
all loading conditions, thus giving no cellular 
hydration advantage to the greater loads. 
This should lead, however, to stomach dis- 
^tention cues favoring a lesser error of estimate 
at the greater loads. Work in progress, to be 
eed in a later paper, may serve to clarify 
* question. For our immediate purpose, 
E it appears that a preload of 3 per 
D body weight would be a suitable volume 
rcd of absorption phenomena. A 3 per 
à load depresses the drinking of our 2314-hr. 
EE animals by about 36 per cent, thus 
fake dU àn appreciable amount of water in- 
"e Or the free drink period. The 3 per cent 
also has the advantage of being an amount 
Dis 1S readily loaded into the rat’s stomach 
frs the danger of “overfilling,” which is 
fee present with the higher loads, 
Icularly the 7 per cent. 


EXpp 
OL MENT 2: THE EFFECT OF CONSTANT 
bk Es PRELOADS VARYING IN NaCl cow- 
i RATION ON SUBSEQUENT FREE INTAKE 
n 


* tion a preliminary experiment the concentra- 


a NaCl in the predrink load was varied 
Der a oe extending from 0 per cent to 3 
5 xm volume of load held constant at 

om y of body weight. Because of deaths 
loadin rious causes (pneumonia and imperfect 
the mun pe nique accounting for the majority) 
Conconi er of animals receiving a given NaCl 
lari ration varied from 1 to 4, and or- 
» Would ae entire data of such an experiment 
e discarded. Certain of the results, 


V . . 
this g Cr, suggested the later experiments in 


De 


resul ction and should be briefly noted. The 
The ons Presented graphically in Figure 2. 


5 resting point to notice is the eleva- 
cent a Voluntary intake following the 0.5 per 
the ed 0-75 per cent preloads. Because of 
Sorption lished fact of more rapid water ab- 
Nac} arin’ . these particular hypotonic 
that the centrations, our prediction had been 
p thi ra oluntary intake would be depressed 
" Volunt tss The relatively enormous increases 
vds of Nar Intake following the hypertonic 
zi 3.0 per l concentration from 1.0 per cent 

Be the cnt was expected, since in this 
absorption gradient is reversed and 
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Fic. 2. Voluntary water intake of 23l$-hr. de- 

prived rats following preloads of varying concentra- 

tions of NaCl. The volume of the preload is constant 


at 5 per cent of body weight. 


water is being pulled into the intestine by the 
load. Because of the few animals at each of the 
points no statistical treatment of the results 
was possible. Accordingly, another group of 
20 animals was adapted to deprivation in the 
manner previously described, and a 3 per cent 
body-weight preload was varied over the 
NaCl concentrations of 0.0, 0.25, 0.50, 0.75, 
and 1.00 per cent. The order of administra- 
tion was varied systematically, the animals 
being assigned at random to four latin squares, 
and the order within the squares assigned by 
a table of random numbers. The total, treat- 
ment, and residual mean squares for the four 
replications were tested for homogeneity; 
because the chi squares were not significant, 
the replications were combined as shown in 
Table 1. It is evident that the NaCl concen- 
trations of the constant-volume preloads in- 
troduce significant changes in subsequent 
voluntary water intake. Significance tests 
showed the voluntary intake following all 
concentrations of NaCl save the 0.25 per cent 
to be significantly higher than the intake fol- 
lowing a plain water preload. 

It is clear from these results that, contrary 
to our expectation, conditions favoring more 
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TABLE 1 


Summary of Analysis of Variance: Free Water Intake 
following Constant-Volume Preloads of NaCl 


SOURCE 4f | EE | F ’ 
| | 
| | 
Rats | 19 | 28.43 | 12.46 | <1% 
Days | 4 | 45.55 | 19.98 | <1% 
NaCl concentration | 4 | 130.61 | 57.28 | <1% 
Error | 72 | 2.28 | 
15) 
A | 
3 
$ 
5 10 
= 
E 
3 
5 
0 
0 0.25 0.50 0.75 1.00 


Concentration of Preload in Percent NaCl 


Fic. 3. Voluntary water intake of 233¢-hr. de- 
prived rats following preloads varying in concentra- 
tion of NaCl. The volume of the preload is constant 
at 3 per cent of body weight; this represented approxi- 
mately 8.20 cc. as a mean volume of preload. 


rapid water absorption do not necessarily lead 
to more rapid inhibition of the drinking re- 
sponse. Indeed, precisely the opposite con- 
clusion seems indicated by the data. While 
there appears to be no basis for doubting the 
theory that cellular dehydration is the funda- 
mental condition for thirst, one must, in the 
light of results such as these, question whether 
transport of water to the extracellular fluid is 
the sole condition for inhibition of thirst. 
Simple osmotic calculations are of little help, 
since our results show an increased voluntary 
intake following loading with solutions that 
fall in both the hypotonic and isotonic concen- 
ration range. Passage into the extracellular 
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space of NaCl solutions of isotonic concentra- 
tion should not, on a simple osmotic basis, 
draw water from the. cells, but should, as- 
suming normal kidney clearance of the excess 
chloride, lead to appreciable increments of 
cellular hydration. Hypotonic solutions’ of 
NaCl in the extracellular space should lead to 
even more rapid hydration of the wells, and 
with less dependence on excretory balance of 
the excess chloride. But the experimental 
results show the inadequacy of such an ex- 
planation. If isotonicity of NaCl solutions 
were to be defined in terms of thirst inhibition 
rather than in terms of water equilibrium 
across the membranes of the erythrocyte, 
isotonicity for the rat would have to be moved 
from 0.85 per cent down to something close to 
no salt at all. In fact, one might make a tenta- 
tive generalization that the inhibition of drink- 
ing under our experimental conditions is in- 
versely related to the concentration of NaCl 
in the predrink load. Until we have further 
information on the velocity of salt clearance 
by the kidney of the 23Y4-hr. deprived ani- 
mal, and can relate such information to our 
measures of thirst, the present results must 
remain unexplained. It is of some interest to 
note, however, that Rabinovitch's (7) data on 
the rate of intestinal absorption of NaCl 
solutions in the dog presage some such dilemma 
as this. He measured the fraction of a stand- 
ard load of solution placed in an intestinal 
loop of dogs that had been absorbed at the 
end of a L4-hr. period. Although the isotonic 
point is roughly at 0.9 per cent NaCl, the net 
transfer of water oul of the intestine was still 
proceeding past a concentration of approxi- 
mately 1.5 per cent NaCl, and the direction was, 
not reversed until a concentration of approxi- 
mately 2 per cent NaCl had been attained. 
It is possible that sodium chloride passes 
through the intestinal barrier so readily that 
local hypertonic states are created in the 
plasma, and that consequent waves of rela- 
tively hypertonic fluid are carried through the 
blood stream into the circulation of the hy- 
pothalamus, thus affording temporary in- 
crease in "thirst excitation." This notion, at 
first somewhat improbable because of the 
rapid velocity with which extracellular fluid i5 
commonly thought to achieve equilibrium 
has some support in the work of Visscher an 


—. 


these ș 
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Roepke (11), who found that isotonic solu- 
tions of sodium chloride or even the animal's 
own blood serum, wher placed in an intestinal 
loop, rapidly became hypotonic owing to an 
ative process of moving NaCl into the blood. 
Studies in, progress in our laboratory on the 


, thirst-stimulating properties of subcutaneous 


injections ^f hypertonic NaCl solutions show 
rinking latency and duration curves which are 
also Consistent with the idea that NaCl dif- 
Uslon in extracellular fluid is sufficiently slow 
Em allow for local concentration gradients to 
a in the circulating blood. The conditions 
on dtilibrium with respect to water exchange 
y veen membranes and compartments of the 
lis y are not simple, but are, as Hóber (4) 
S emphasized, a combination of passive 
Pion and active transfer. Further re- 
s ch should show how these factors combine 
regulate fluid ingestion. 
sug Dother point of psychological concern is 
(c we by our data. Richter (8, 9), Young 
o 2» and Bare (2) have reported a number 
soluti, erminations of rats' preference for salt 
1. aA of varying concentration. There is 
teadil ntia] agreement that rats drink most 
Y of solutions between a concentration 
Der cent and 1.00 per cent, preferring 
A utions to tap water and to more con- 
that 4 ed salt solutions. It is a curious fact 
Dot, 5 preference maxima occur at the hy- 
Most ra Concentrations at which there is the 
entire pid fluid absorption. While this may be 
c Y coincidental and irrelevant, the in- 
experi, tap water ingestion in the present 
On th ent shows the same type of dependency 
It iş 9 Concentration of the NaCl preload. 
ten e sible that the observed ingestion pref- 
tire] 9f rats for saline solutions are not en- 
Som, 2 Matter of taste receptor reaction nor of 
the an er process of hedonic tone, but that 
Telateq ay also be partially reduced to factors 
from p © Speed of clearance of substances 
f this po digestive tract. The attractiveness 
Magee 2 Pothesis is not lessened by noting that 
tion of nd Reid (6) found that the absorp- 
Tent, jE Ucose is most rapid from a 13.5 per 
Velocit “tion for dogs, and that its absorption 
Ponce rate eases rapidly on either side of this 
» the ja e The taste preference for glucose 
an teen ^ aS determined by Richter (8), is 
ad Mep Pe cent anc 10 per cent, and Verzár 
°Uugall (10) have determined that a 


st 


10.68 per cent solution of glucose is about 
50 per cent absorbed in half an hour, but that 
water volume in the intestine increased by 
about 50 per cent. Thus, it is possible that an 
exact investigation of the relationship between 
intestinal exchange rates and preference 
levels may reveal physiological variables which 
at least partially account for preference be- 
havior. Other factors being equal, those sub- 
stances in aqueous solution which act to de- 
hydrate the animal may be more abundantly 
ingested than those that promote hydration. 


EXPERIMENT 3: VOLUNTARY INTAKE OF NaCl 
SOLUTIONS BY THIRSTY RATS 


While, in the last experiment, the animals 
were loaded with hypotonic NaCl solutions, 
their subsequent “voluntary” drinking was 
always tap water. Under those conditions the 
intake of tap water was related to the NaCl 
concentration of the preload that had been 
received 15 min. earlier. In the present ex- 
periment no preloading was done, but the 
2314-hr. deprived animals were allowed to 
drink for 14 hr. from one of the various con- 
centrations of NaCl used in the previous ex- 
periment. 

The same animals used in the previous ex- 
periment were used here. Following the last 
preloading day, two days of standard 2314-hr. 
deprivation and l$-hr. drinking obtained. 
On the next day the animals’ drinking tubes 
were filled with NaCl solutions of percentage 
concentrations of 0, 0.25, 0.50, 0.75, and 1.00, 
the order of presentation of each solution being 
determined by the use of the same latin-square 
arrangement used in the earlier experiment. 
A single stimulus technique was used, each 
animal getting his total daily intake from but 
one concentration of saline. Each day of “salt”- 
drinking was followed by two days of water- 
drinking, the deprivation period of 2314 hr. 
remaining constant throughout the experiment. 
The four squares showing homogeneity of total, 
day, and treatment variance by the chi-square 
test were combined as shown in Table 2. The 
general trend of the results may be seen in 
Figure 4. 

The results show some similarity to those of 
the preloading experiment. Again the fluid 
consumption is increased as a function of 
NaCl concentration. The biggest difference 
between the experiments is in the 0 to 0.25 
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TABLE 2 


Summary of Analysis of Variance: Intake of Varying 
Concentrations of NaCl 


I 
EOURCE | square | ? 
Rats | 19 | 70.29 | 5.92| 1% 
Days | 4 | 161.28 | 13.59 | 1% 
NaCl concentration 4 | 322.54 | 27.17 | 1% 
Error 72 | 11.87 


30, 


Fluid Intake in c.c. 


0 0.25 0.50 0.75 1.00 


NaCl Concentration in Percent 


Fic. 4. Voluntary fluid intake of varying concen- 
trations of NaCl solutions by 2314-hr. water-de- 
prived rats 


per cent solution range. In free drinking of 
salt solutions, the 0.25 per cent solution was 
consumed in greater amount than was the 
0.0 per cent, although in the previous experi- 
ment the saline preload was not effective until 
a concentration of 0.50 per cent. Also, in the 
preload experiment the 0.75 per cent NaCl 
had significantly greater effect on consump- 
tion than did the 0.50 per cent, whereas in the 
free-drinking situation the differences between 
0.50, 0.75, and 1.00 per cent are all of ap- 
proximately chance order. It is possible that 
the 1.00 per cent solution is beginning to show 
hypertonic effect, and that tests with stronger 
concentrations would show that a trend to- 
ward decreased intake started from the max- 
imum in the 0.50 to 0.75 per cent range, al- 


though Bare’s (2) animals showed only a 
moderate decrease at 1.5 per cent. ii 
Again, further expérimentation is needed 
before the implication of these results can be 
made entirely clear. It seems likely that ,at 
least two factors are at work in determining 
ingestion under these circumstances. The 


first is an absorption factor, related to the’ 


ionic and volume exchanges in the small in- 
testine, while the second is a “taste” factor, 
related to the local oral effects of solutions. 
It is probable that concentrations of NaCl of. 
greater strength than 1 per cent would be 
ingested in even lesser amounts, in spite of 
the increased tissue dehydration which such 
solutions would produce by drawing fluid into 
the intestine. When these strongly hypertonic 
fluids are placed directly into the digestive 
tract they stimulate copious drinking. Such 
opposite effects could be obtained only if there 
were processes inhibitory to the ingestion 
stimuli occasioned by the presence of the 
hypertonic fluid in the intestine. It is apparent, 
of course, that such an inhibitory process has 
a high degree of adaptive utility, and that 
stimulation of drinking by hypertonic fluids 
in the intestines and inhibition of drinking 
by hypertonic fluids in the mouth serve the 
same purpose of protecting the animal against 
dehydration.’ 


SUMMARY AND CONCLUSIONS 


The use of predrink stomach-loading tech- 
niques makes possible experimental manipula- 
tion and relative isolation of a number of the 
component circumstances of water ingestion 
in the dehydrated rat. When varying volumes 
of water are preloaded and the animal is 
allowed a Lé-hr. free drinking period after a 
15-min. delay, drinking is affected in the 
following ways: 

1. Voluntary intake is decreased in approxi- 
mately direct proportion to the volume of the 
preload. ‘ 

2. If the no-preload voluntary intake is 
used as a reference point, the total intake 
(preload plus voluntary intake) increases as à 
direct function of the preload volume. 

When fixed-volume preloads varying in 


3I am indebted to Professor P. T. Young for re 
minding me of the adaptivg harmony exhibited undef 
these varying circumstances. 


or, 


e 


NaCl concentration through the hypotonic 
and slightly hypertonic range are placed in 
the rat’s Stomach and {t is allowed to drink 
tap water after a 15-min. delay, the following 
Conclusions appear: 

1. Hypotonic solutions of 0.50 to 0.75 per 
cent increase water intake significantly above 
that following preloading of the same volume 
of Water or 0.25 per cent solutions of NaCl. 

Hypertonic solutions of 1.00 to 3.00 
d Cent produce an even greater increase in 
Sequent voluntary water ingestion. 
hen thirsty rats are given NaCl solutions 
Varying concentration, their drinking is 
Cted as follows: 
i Any concentration of NaCl from 0.25 
Mim: Per cent produces an increase in fluid 
lon over tap water. 
noted p significantly different intakes were 
50 ( Or concentrations within the range from 
gested ; 1.00 per cent, all of which were in- 
Were In significantly greater quantities than 
Solutions of 0.25 per cent or tap water. 
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VISUAL DISCRIMINATION PERFORMANCE FOLLOWING PARTIAL ABLATIONS 
OF THE TEMPORAL LOBE: I. VENTRAL VS. LATERAL! 


MORTIMER MISHKIN anp KARL H. PRIBRAM r 
Laboratory of Physiology, Yale University and Department of Neurophysiology, Institute of Living, Hartford, Conn. 


Recent investigation has demonstrated that 
extensive bilateral ablation of the temporal 
lobes of monkeys produces marked impair- 
ment in their performance on visual tasks 
(1, 8, 13). Similar impairment, independent of 
visual field defects, has not resulted from le- 
sions in other areas (1, 4, 5, 6, 9). The aim of 
the present study was to extend this analysis 
of the lesion variable by comparing the effects 
of partial ablations within the temporal lobe, 
and to begin an analysis of test and training 
variables by comparing postoperative measures 
of initial learning and of retention on a variety 
of visual problems. 


PROCEDURE 


Subjects 


Eight mature baboons (animals VTH-1 and VTH-4, 
Papio papio; the others, Papio porcarius), whose 
weights ranged from 9 to 12 kg., were divided into 
three operate groups and subdivided into two training 
groups. 


Surgical Procedures 


The present experiment is one of a series (10, 12) 
in which surgical removals were made with reference 
to neuronographic charts. On the basis of neurono- 
graphic relationships (11) temporal cortex may be 
divided into three regions: polar, related to the anterior 
and limen insula and to the posterior orbital cortex 
of the frontal lobe; lateral, related to the posterior 
insula; and ventral, related to the anterior (nonstriate) 
cortex of the occipital lobe. The hippocampus, while 
not included in any of these divisions, is related af- 
ferently to at least two, its anterior extremity to the 
polar and the major portion to the ventral. This 
Study compares the effects of (a) total temporal 
ablation, or “lobectomy,” with those following abla- 
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tions restricted to (b) the lateral and (:) the ventral 
division, the latter including the hippocampus, The 
effects of restricted polar ablations are not dealt,with 
in this study, since lesions which have included only 
this portion of the temporal lobe have not produced 
impairment in visual discrimination performance (10). 

Animals were anesthetized with sodium amytal 
(0.6 cc. per kg. body weight) injected intraperitoneally. 
The temporal bone was removed and the dura incised 
over the lateral surface of the temporal lobe. For 
lobectomies the zygoma was removed as well, in order 
to expose the pole, and for lobectomies and ventral- 
hippocampal removals anastogmotic veins were 
coagulated and severed to permit exposure of the 
ventral surface. Extirpations were made by subpial 
resection with a small-gauge sucker. Symmetrical 
bilateral operations were performed in two stages—the 
left hemisphere first and then the right—with two to 
three weeks intervening between each stage. i 

Lateral temporal resections were performed on LT-1 
and -2. An attempt was made to extirpate the superior 
and middle temporal convolutions, sparing the pole 
but resecting as much of the banks of the superior 
temporal sulcus as possible. Ventral temporal-hip po- 
campal resections were performed on animals VTH-1, 
-2, -3, and -4; the attempt was to extirpate the inferior 
temporal, fusiform, and posterior hippocampal gyri 
and the hippocampal formation. For the lobectomies, 
performed on T-1 and -2, the two partial ablations 
(lateral temporal and ventral temporal-hippocampal) 
were combined, and, in addition, the polar region, 
including the amygdala, was removed. 


Tests 


The following tests were used: visual spatial de- 
layed response with opaque screen interposed during 


delay, and five visual discrimination problems, the 


paired discriminanda consisting of: (a) a plus sign 
and an outline square, each with an area of 3 sq. ins 
painted flat black on yellow backgrounds; (b) a cut- 
out circle and a cut-out square, both of wood 14 in- 
high and 4 sq. in. in top surface area, painted flat 
black and mounted on yellow backgrounds;'(c) fout 
horizontal stripes and a diamond, each covering a? 
area of 3 sq. in., painted flat black on white back- 
grounds; (d) red (RT-1) and green (GT-1) Color-Aid 
papers (Color-Aid Company, New York, N.Y.); and 
(e) light gray (Gray 3) and dark gray (Gray 6) Color- 
Aid papers. 

Three-inch by 4-in. plaques, serving as background 
for the black patterns, entirely covered by the papers 
and used unpainted in delayed response, constitute! 
the interchangeable lids of two choice-cups. The cup? 
were spaced 12 in. apart on a sliding tray and could 


be concealed from the animal by an opaque scree?’ | 
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fhe ae Way-visian screen separated the animal from 
A By the direct method of baiting, animals were 
Ea on delayed response at 0-, 5- and 10-sec. 
Num jT succession; for the retention tests, however, 
e n elow 10 Sec. were eliminated. In visual-dis- 
rmn training, the first of each pair of dis- 
ET was made the positive stimulus for all 
léttir i sit and right cups were baited in a prede- 
E e : balanced order. The noncorrection technique 
holdi oP oyed and no punishment, other than with- 
Fift y s Ded peanut reward, was given for errors. 
A roa a day were presented on a given test until 
Ss A rien of 90 correct in 100 consecutive trials 
h ates du aperiat: if the criterion was not 
discontinued, trials, training on that test was 
fi nvestigation was made also of extent of visual 
5 asthe? and responses to familiar objects using 
fields E 4 described by Chow (4). Briefly, visual 
cachin : termined by observing head-turning and 
the lios *sponses to a peanut moved gradually into 
animal ids right, upper or lower, quadrants while the 
consisted oriented directly ahead; a second test 
Tow a of Placing several peanuts in a horizontal 
neglected noting whether the animal consistently 
evaluated ee On either side. Visual acuity was 
tied to th E training the animal to pull in a peanut 
testin, i ar end of a short length of string, and then 
cessively ji the Same response using threads of suc- 
reactions ries diameter. One method used for testing 
Pieces of fà familiar stimuli consisted of presenting 
and metal s Scattered among Several small wood 
Situation A jects; unoperated animals placed in this 
cond “ar food, exclusively, after the first or 
usin, (THp Additional observations were made 
oke ie s gloves and net, objects which ordinarily 
of handli ent avoidance reactions because of methods 
ng the animals prior to training. 


Dates 

Uning Schedule 
Trai»; 
Roy, ie 
respon; 


Preonerati 


Group A. The first animal in each operate 
“1, LT-1, and VTH-1, received the delayed- 
and visual-discrimination problems both 
removals vely and after the two-stage bilateral 
Taini. 
traigo ""8-Group B. The five other animals were 
On Teoperatively only on delayed response and 
PPerations us-square discrimination; after unilateral 
i they were retested on these two problems; 
i s second-stage removals they were trained 
E FR pa Two exceptions were made in this 
noble s R a sayed interoperative training on all 
ot Dose ej Dd VTH-4 was not tested on delayed 
ah aining G Pre- or interoperatively. The procedure 
er Operati TOup B on the last four discriminations 
of “TS after bil only (T-2 after unilateral and the 
op ir initi Wes lesions) permitted a comparison 
tative ja al postoperative learning with the pre- 
pret each whe of animals in Group A. 
the ted in d e of the experiment the problems were 
Tecedin © order in which they are described in 
E Section. Training following operation 
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was begun two days after the unilateral and two weeks 
after the contralateral lesions. 

j The informal tests (extent of visual fields, etc.) 
involving no special training were presented to all 
animals in one daily session both before operation 
and after the unilateral removal. Within the first 
two weeks following the contralateral operation these 
tests were again presented in one session and then 
readministered at semimonthly intervals. 


Anatomical Procedures 


After the behavioral observations were completed, 
the animals were sacrificed and their brains embedded 
in celloidin. Coronal sections were cut at 25 mu with 
every twentieth section stained in aniline thionin. 
Reconstructions of the lesions were made from every 
fourth stained section. The amygdaloid complex, 
hippocampus, and thalamus were examined micro- 
scopically for evidence of damage or degeneration. 

Serial reconstructions and cross sections indicating 
extent and depth of lesions are shown in Figure 1. 
Deviations from the intended removals may be noted. 
Thus, in T-1 the posterior portion of the lobe is spared 
on the right; in LT-2 the posterior half of the middle 
convolution is minimally involved bilaterally; and in 
the VTH group the lesions are limited in general to 
the middle portion of the lobe and remnants of the 
hippocampus (see Table 1) are spared in each. Lesions 
which are more extensive than intended appear in the 
cases of LT-2, where the anterior fusiform gyrus is 
damaged on the right; VTH-3 and -4, where the middle 
temporal convolution is invaded bilaterally; and 
VTH-1, where there is unilateral damage to the pole 
and amygdaloid complex. It should be noted, however, 
that these are minor deviations relative to the gross 
and consistent differences among the three types of 
lesions. 

Table 1 gives the locus and extent of retrograde 
thalamic degeneration. The anterior half of the lateral 
geniculate bodies shows some involvement in all T 
and VTH operates, but in the majority of cases the 
gliosis is restricted to the ventrolateral tip of the 
nucleus. This finding supports the suggestion of Bucy 
and Kliiver (2) that degeneration in the ventrolateral 
horn is due to interruption of a small portion of radiation 
fibers adjacent to the ventral cortex. More extensive 
gliosis, involving the posterior half of the geniculate 
as well, is present in the left hemisphere of T-1 and 
in the right hemisphere of VTH-3. 

The medial geniculate bodies of the T and LT 
operates are only minimally involved, correlating 
with the incomplete destruction of the posterior 
supratemporal plane in these animals. 

Clear signs of degeneration are present in restricted 
loci of the pulvinar. Thus, all animals have gliosis 
and loss of cells in the posteroventral portion of n. 
pulvinaris lateralis; the T and VTH operates, in the 
ventral half of n. pulvinaris inferior; and the T and 
LT operates, in the posteroventral portion of n. 
pulvinaris medialis. The latter finding is consistent 
with results obtained by Chow (3). The first two find- 
ings, however, suggest that the cortical projection 
fields of the posteroventral part of s. pulvinaris 
lateralis and of the ventral part of n. pulvinaris inferior, 
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pa ài 7 Reconstructions of lesions. The ventral view is bounded on each side by the lateral view of the corres” 
pon g sf Four representative cross sections numbered according to serial position are shown below t 
irr] — or each animal. In the reconstructions, black indicates lesion; in the sections, black indicat? 
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TABLE 1 


> Extent of Damage to Amygdaloid Complex and 
Hippocampus and Extent of Retrograde Degeneration 
in Geniculate Bodies and Pulvinar 
AC, amygdaloid complex; H, hippocampus; LG, lateral genic- 
ulate bodies; MG, medial geniculate bodies; PL, m. pulvimaris 
lateralis; PI, n. pulvinaris inferior; PM, n. pulvinaris medialis; a, 
anterior; p, posterior; pv, posteroventral; v, ventral. Extent of 
damage fo degeneration is indicated as follows: C, almost 


complete; large; S, small; ?, small doubtful; —, none. 
fes |a ac m e peine 
EE — | — — 
TA zliélelsi|-|sisle 
w (C|CILI? |LICI|L 
T2 1 Cel sl eial se 
i Eler SIE EE 
LT-1 i =l = |=] 8 Sole 
Ie [| ~|—|—| s fe i—i 
LT-2 E (=| —|—|— 1b. a 
t. [|—|—C|—-|s|Ss|—|r 
VTH- | se od|n|c|?|-|S|s|— 
t |—ic|[—C|-|L|L|— 
NIE? e od-—imi*i—-|sisi— 
t. |—|L|is|—|S|r|— 
VHS | x. |—|z|r|-|rz|rn|— 
t. |—-|IL|S|—c|S|S|— 
RA | s -|c|s|—.s|s|— 
t. |—|njl?|—|S|S|— 


Whi 

Meri, ìn Chow's analysis overlap in the lateral temporo- 

cae ee area, probably extend to the ventral temporal 
*X, as well, 


RESULTS 
Informal Tests 


but mud days following bilateral removals 
T-1 and T-2 were unusually responsive 
al stimuli. Repeated manual and oral 
ation was elicited even by trainers' 
‘and net, stimuli which were clearly 
* previously. This hyperreactivity, ap- 
also in their responses to the test 

and thereby temporarily interfering 


E visu 
jammin 
Bloves . 
pentive 
im E 


with e 
abated me Performance on delayed response, 
Yee ew days after training was begun. 


a repeated indiscriminate selection of 
ho afo objects persisted for nearly 
Sed S in both animals. The only other 
testing Na showed alterations on informal 
e VTH-3 ånd -4, their postopera- 


tive responses on the visual field tests indicat- 
ing a left homonymous defect (found also in 
T-1 interoperatively) and a central defect, 
respectively. Animal VTH-4 showed, in addi- 
tion, a transient failure on the food-non- 
food discrimination. No animal with lateral 
or ventral-hippocampal lesions was altered 
in its reactions to aversive stimuli. 


Delayed Response 


Results on the delayed-response problem are 
shown in Table 2. Animal VTH-4 failed to 


TABLE 2 
Visual Spatial Delayed Response 
Scores are trials and errors preceding 90 correct 
choices in 100 consecutive trials at delays of 0, 5, and 
10 sec. with opaque screen interposed during the delay. 
For the retention tests delays below 10 sec. are elimi- 
nated. A dash indicates that the animal was not tested 
at that stage of the experiment. A score of 1000 trials 
denotes failure to acquire the habit within the limits 


of training. 
LAC oer LL — 
PRE- INTER- POST- 
.| OPERATIVE | OPERATIVE | OPERATIVE 
amar. | EY 
TRIALS| pops [TRIALS Sek, [TRIALS EE 
T-1 0 0 0 
5 60| 24|- — 
10 0 0 90 42 
T-2 0 30 | 14 
5 |280| 94 
10 | 390/152] 90] 17] 120 42 
LT-1 0 | 130) 24 
5 10 5i =| = 
10 0 0 0 0 
LT-2 0 20 5 
5 |120| 42 
10 0 0 0 0 0 0 
VTH-1 0 |100| 67 
5 0 iu | = 
10 0 0 0 0 
VTH-2 0 0 0 
5 60 | 22 
10 | 0| o| 2) 6| o o 
VTH-3 0 0 0 
5 80| 34 
10 |480 |112| 20 4 0 o 
VTH4 | 0 30 13 
$|7|7|7|-|109 308 
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meet the criterion within the limits of initial 
postoperative training at the 5-sec. interval. 
All other animals, trained preoperatively and 
retested at the 10-sec. delay, showed either 
complete retention or rapid relearning after 
both unilateral and bilateral removals. 


Visual Discriminations 


Results with respect to lesions. In contrast to 
this generally high level of performance on 
delayed response, two of the three bilateral 
operate groups had marked and consistent 
impairment on the visual discrimination prob- 
lems. Scores for the plus-square discrimination, 
on which all animals were trained prior to 
operation, are presented in Table 3. The five 
operates retested after unilateral ablation and 


TABLE 3 
Visual Discrimination 1: Plus-Square 
Scores are trials and errors preceding 90 correct 
Choices in 100 consecutive trials. A. dash indicates that 
the animal was not tested at that stage of the experi- 


ment. A score of 1000 trials denotes failure to acquire 
the habit within the limits of training. 
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the two LT operates retested after bilateral 
ablation relearned in less than 200 trials, or in 
half the number they scored preoperatively. 
The six T and VTH bilateral operates, how- 
ever, failed to meet the criterion within the 
limit of 1000 trials, approximately three times 
the median number required before'operation. 

Similar results were obtained on*the last 
four discriminations, as shown in Table 4. 
Within Group B, animals T-2 and VTH-2; -3, 
and -4 failed within the limits of postoperative 
testing to learn any problem but the red-green. 
discrimination, for which they required 400 to 
990 trials. The extent of these deficits is indi- 
cated by a comparison with Group A's pre- 
operative range of 0 to 100 trials for the same 
tests. (That Group A's preoperative scores are 
not biased in the direction of rapid learning is 
indicated by the fact that Group A's T-1, 
which obtained the poorest scores on the last 
four tests, also amassed on the plus-square 
discrimination more than twice the number of 
trials required by any other animal.) The only 
evidence of impairment in the performance of 


c FEY Ex T-2 interoperatively and LT-2 postoperatively, 
OPERATIVE | OPERATIVE | OPERATIVE on the other hand, appeared in their initial 
AC = = acquisition scores of 180 and 450 trials, re- 
PRIATS) pons [THAES) ERRORS) TRIALS | pose spectively, for the circle-square, and 270 and 
EU bs brad ee | || coo ao 400 trials, respectively, for the stripes-diamond 
T2 330 | 126 0 o | 1000 | 502 discriminations. Both animals attained the 
LT-1 390 | 118 | — | — | 190| 2g criterion immediately on the two remaining 

LT-2 300 | 106 | 110 | 49 | 150| 45 problems. 
DUM 22 ni 1 Ga 000 i The postoperative scores obtained by the 
Y Dogs 280|131| 0| o |1000| 478 animals in Group A provide some evidence for 
VTH-4 |440|166|110| 51 | 1000| sig @ greater effect from lobectomy than from 
ventral-hippocampal removal. Animal T-1 

TABLE 4 


Visual Discriminations 2 to 5 
Scores are trials and errors preceding 90 correct"choices in 100 con: i i i 
r 2 re secutive trials. T-2': i i i 
parentheses in the preoperative column. A dash indicates that the animal was not pany interoperative learning scores are placed iP 


1000 trials denotes failure to acquire the habit within*the"limits 
E = errors, " 


ial at that stage of the experiment. A score of 
of training. Pre — preoperative; Post = postoperative; T = trials; 


CIRCLE-SQUARE STRIPES-DIAMOND RED-GREEN LIGHT ORÁY-DARE GRAY 

ANIMAL Pre Post Pre Post Pre Post Pre Post 
TIE TÍl«E TE) Tm! B rhe T Ee. ae os E 

T4À 100 | 42 | 760| 365 | 40 | 17 |1000| 410 | 0 

: 0 | 750 | 305 | 20 | 13 | 1000) 459 
T a (180) (76)|1000] 465 |(270)|(96)|1000| 466 | (10)| (5) | 540 | 142 (10)| (1)| 1000] 506 
Pd 40 20 4] 20/15] Q0 0| 0| 0 0| 0/|20|13 o 0 
eat — | — | 450) 187 | — | —| 400] 168} —| — | of o — o 0 
M 10| 5 j1000| 366| 0| 0| 400) 91] 0| 0 | 10| 710. 90 o 0 
ee = | = {1000| 463 | — | — 11000, 447 | — | — | 400 | 140 | — | — |°4000) 407 
yoma Sed 1000 491 | — | — 1000, 491 | — | — | 990 | as6 | — | — 1000| 417 
— [1000| 500 | — | — 1000} 424 | — | — | 790 | 322 | — | — | 1000. 417 
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relearned two discriminations only (circle- 

Square and red-green), and these with marked 

acis whereas VTH-1 relearned three prob- 

eM two of them (red-green and light gray- 
cem gray) immediately. Both operates, how- 

Uc were markedly inferior to LT-1, which 
‘owed complete retention on all four tests. 

* The results for the eight animals are con- 
stent in demonstrating severe impairment in 
‘Serimination performance following both 
parera lobectomy and bilateral ventral- 

SL oa ablation, but only slight deficit 
Paus either unilateral lobectomy or bi- 

ateral surface resection. 

3 pr with respect to training groups. 
in econ of the scores of Groups A and B 
tais cfe the procedure of training ani- 
fox a lally after operation yielded deficits 

Bie ey than did testing for retention. 
um -2 showed impairment in the initial 

5 s of two of the problems on which 

VTH-2 = complete retention. Similarly, 

i thei 7$, and -4 were markedly deficient 
" original acquisition on all discrimina- 

res VTH-1 relearned two tests 

e i Y. It is unlikely that factors other 

these vi Nat in training are accountable for 
animals n ao within operate groups since 
tical c Me the same lesions obtained iden- 

ARS when conditions of training were 

p US-square i, Postoperative retention on the 

tween initi discrimination). Comparisons be- 

bilatera lal learning and retention following 

Ta E obectomy are not possible since both 

tasks H T-2 received prior training on all 

i owever, T-2’s interoperative scores, 

Rice slight deficit in original learning 

Obtaine ee corroborate the results 
e -hippo- 

"RAI operates, ateral and ventral-hippo 
tion 5 lS with respect to the test series. In addi- 
lesio cpl jaa selective effects of the 
Tes aug zs the training procedures, the 
of deficit pos that the occurrence and extent 
: iz, test ale ee ofa third variable, 
qp rms of the E x ifficulty is here defined 
ul ree qud: perative learning rates of 
lala m als in Training-Group A, their 

rid iw decreasing consistently 
amond, tight "Square, circle-square, stripes- 

Stoperat; RE gray, and red-green. 

ole six T and VTH operates 

(bus aen the most difficult discrimination 

^ Whereas none failed the least 


imm 


difficult (red-green). Moreover, the three 
animals (T-2 interoperatively, LT-2 and 
V TH-1 postoperatively) that showed partial 
impairment on the last four tests scored defi- 
cits consistently on the more difficult problems 
(circle-square and stripes-diamond), and no de- 
ficits on the less difficult (light gray-dark gray 
and red-green). 


DISCUSSION 


The behavioral alterations observed in T-1 
and T-2 following bilateral temporal lobectomy 
confirm results obtained in the monkey by 
Klüver and Bucy (8) and Blum, Chow, and 
Pribram (1). The effects include, consistently, 
approach to previously aversive stimuli, in- 
discriminate selection of food and inedible 
objects, and impaired performance on visual 
discrimination tasks. The absence in animal 
T-2 of demonstrable defects either in acuity 
or in visual fields, and, more directly, the finding 
of only minimal degeneration in this animals 
lateral geniculate bodies support an earlier 
conclusion (1) that the behavioral effects of 
temporal lobectomy cannot be ascribed to 
geniculo-striate damage. 

The analysis of the effects of subtotal tem- 
poral lobe lesions shows that, whereas responses 
to aversive stimuli were unaltered following 
any of the partial resections, marked and 
sustained discrimination impairment inde- 
pendent of field defects was produced by the 
bilateral ventral-hippocampal ablation. In 
contrast, little or no discrimination deficit was 
obtained after any form of unilateral damage 
or after bilateral resection of the lateral surface. 

An account of the discrimination impair- 
ment in terms of the interrelationships among 
the lesion, test, and training variables may be 
summarized as follows: With respect to reten- 
tion and relearning, bilateral lobectomy pro- 
duced deficits on all discriminations, bilateral 
ventral temporal-hippocampal ablation on 
difficult tasks only, and bilateral lateral surface 
resection and unilateral lobectomy, none. 
With respect to initial postoperative learning, 
bilateral ventral-hippocampal ablation pro- 
duced deficits on all discriminations, bilateral 
lateral surface resections and unilateral lobec- 
tomy, on difficult tasks only. 

Whereas these results indicate correlations 
between deficit and (a) lesions, (b) training 
procedures, and (c) test difficulty, the last 
relationship can only be tentative, since the 
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test order of decreasing “difficulty” cor- , 
responds closely to the sequence in which the ~ 


tests were administered. Thus, the trend 
toward more rapid learning on successive 
discriminations may have been a function of 
cumulative transfer effects and, postopera- 
tively, of time elapsed since operation, rather 
than of a decrease in difficulty per se. 

The failure of the animals with lobectomy 
and ventral-hippocampal lesions to react 
differentially to paired patterns, colors, or 
shades of gray appeared without concomitant 
impairment on delayed response. Previous 
results on delayed-response performance fol- 
lowing temporal lobe ablations have been 
inconclusive. Blum eż al. (1) reported complete 
failure to relearn the problem in one lobecto- 
mized macaque, whereas Jacobsen and Elder 
(7) reported perfect retention in an animal 
with a comparable lesion. Similarly, Chow (4) 
found a retention deficit in one monkey with 
a lateral surface extirpation but not in another. 
In the present experiment one baboon in 
eight showed impairment, and this animal, 
tested for initial learning, had only the partial 
ventral-hippocampal removal. The combined 
results suggest that temporal lobe lesions inter- 
fere only occasionally with performance on 
delayed response, and that these deficits, unlike 
discrimination deficits, are not consistently 
related either to the locus or extent of lesion 
or to the schedule of training. 


SUMMARY 


1. Two baboons with temporal lobectomy, 
two with lateral surface ablations, and four 
with ventral surface-hippocampal ablations 
were split into two training groups matched 
on the basis of lesion. One group was tested 
for postoperative retention, the other primarily 
for initial postoperative learning, on a series 
of visual discriminations. All animals received, 
in addition, the delayed-response test, visual 
field and acuity tests, and tests of reactions 
to familiar objects. 

2. Following the behavioral observations 
the animals were sacrificed, the lesions verified, 
and the „thalami examined for retrograde 
pics giga es. degeneration findings sug- 
gested an extension of R lecti 
eld of the pulvinar. the known projection 

3. Analysis of the behavioral results showed 
that ventral-hippocamupal ablation, as well as 
lobectomy, in contrast to lateral resection 


(or any form of unilateral lesion) produced 
marked impairment in visual discrimination 
performance. Deficits occurred more fre- 
quently in initial learning than in retention and 
appeared to be related to test difficulty, cen- 
founded with order. With the exception of the 
lobectomized animals' increase in approach 
responses to inedible and previous!y aversive 
objects, no consistent postoperative effects 
were obtained with any of the other tests. 
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CONTROL OF HOARDING ACTIVITY" 


RATS BY THE MEDIAN CEREBRAL 


CORTEX! 
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> 
a effects of fairly large cortical ablations 
n s ar to 50 per cent of the neocortex) 
a ling activity in rats have been pre- 
aan, investigated (8). The „experimental 
ue sls exhibited marked reductions in hoard- 
t Fey as'a consequence of the operations. 
RUE ound, moreover, that the hoarding 
along Pine related to the extent of the lesions 
correlate median surface of the cortex by a 
Statistic và coefficient of 0.45, which was 
investi 4 significant. The results of this 
Cortical; ion suggest that this particular 
oardin n exerts a greater influence on 
of nie ehavior than do other cortical areas 
ar size, 

Min ee of the effects of cortical 
learnin 7 behavior patterns such as maze 
lation a o, maternal behavior (1), and copu- 
of "mass e ‘nals (2) supported the concepts 
the tore action” and “equipotentiality” of 

Geria Le., the larger the cortical lesion, 
tigated, a z ee debct of the behavior inves- 
erally ^ nd lesions of the same size are gen- 
l a pully effective, regardless of their 
bot Mb cortical surface. These reports 
f the ai e however, specific explorations 
Cult to in lan cortical surface, which is diffi- 
Sagittal pde since it is located along the 
E inus of the brain. Exposing of this 
ing . vessel results frequently in profuse bleed- 


& whi 
Bien may be fatal to the animal. Ex- 
qui n of the median cortical surface re- 


t 

te s therefore, the development of operative 

: St Wa permit this surface to be 

Tom geen causing excessive bleeding 

agittal sinus. 

Yona] a Present investigation such an opera- 

th Poss d was developed, and it was 

tively Pw to determine the effects of rela- 

SUrfaces all lesions along the median cortical 
on hoarding behavior in rats. 


Ap METHOD 

d; 

i A a and Animals 

38 been Ped type of hoarding apparatus, which 
usly described (8), was employed. 


Teg, !S investions: 
carch gr aa Tas supported in part by a 
e Hixon Fund. 
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The pellets in the hoarding bin were Purina Laboratory 
Chow of approximately uniform size. 

Laboratory-bred albino rats (200 to 300 gm.) 
were used in the experiment. The females (identifica- 
tion numbers between 1 and 35) were of the Sprague- 
Dawley strain, and the males (identification numbers 
36 to 47) were of the Lippman strain. A total of 54 
animals were given preliminary hoarding trials of at 
least 10 days’ duration. The 26 best hoarders were 
then selected for the experimental trials. No differ- 
ences in hoarding activity could be observed between 
the two strains of rats during the preliminary trials. 
The weight of each rat was recorded once a week. 


Hoarding Trials 


The preoperative experiment consisted of 16 daily 
hoarding trials. Each animal was given two food pellets 
40 min. before each hoarding trial, which lasted 20 
min. All uneaten pellets were removed from the cages 
at the beginning of each trial, and the hoarded pellets 
were removed at the end of the hoarding trial, when 
they were counted and returned to the food bins. The 
number of pellets hoarded by a rat during one trial 
was its hoarding score for this trial. Pre- and post- 
operative trials were generally conducted at approxi- 
mately 24-hr. intervals, although sometimes the inter- 
val was 48 hr. When 2 consecutive trials were 2 days 
apart, the animals were given their regular feeding 
(2 pellets) on the intervening day. No marked differ- 
ences could be observed in the rats’ hoarding activities 
between 48-hr. and 24-hr. trial intervals. This is in 
agreement with previous findings (7) concerning the 
spacing of hoarding trials between 12 and 48 hr. The 
daily room temperature was recorded and found to 
vary between 68° and 72° F. during both pre- and 
postoperative trials. 

It has been observed (7, 8, 9) that individual rats 
begin to hoard at different trials during an experiment 
and that each rat shows irregularity in its hoarding 
scores during the first few days. Hoarding scores 
during the first days of an experiment are consequently 
not stable, and it was decided to consider the daily 
hoarding between the third and twelfth day of each 
rat’s hoarding activity as the basis for the preoperative 
scores. On the basis of these scores the animals were 
divided into two groups of approximately equal mean 
hoarding scores, those which were to receive lesions 
of the median cortical surface, the “median group,” 
and those which were to receive lesions of the dorso- 
lateral cortical surface, the “lateral group.” 

After their operations the rats were returned to 
their home cages for a period of recovery. Postoperative 
hoarding trials began 18 days after the last preopera- 
tive trial. The former consisted of 25 trials, conducted 
according to the same schecule as the preoperative 
trials. The number of pellets collected during each of 
10 trials following the second day of hoarding of each 
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rat served as the basis for the postoperative hoarding 
Scores. As a consequence of the operations 3 animals 
died. The experimental results were therefore based 
on the hoarding scores of 8 rats in the lateral group 
and 15 rats in the median group. 


. Operative Procedures 


The animals were operated under pentobarbital 
(30 mg. per kg. body weight) narcosis, supplemented 
by ether. Five ugm. atropine was injected in order to 
reduce respiratory difüculties. The rat's skull was 
widely exposed and small trephine holes were placed 
as far apart as possible in the left parietal and right 
frontal bones. Each hole was then enlarged by opening 
the skull with bone scissors, approximately from the 
lambdoid suture to the frontal half of the frontal 
bone and from the temporal bone to a strip of bone 
above the sagittal sinus. 

In order to expose the median cortical surface, this 
strip of bone was removed by notching its caudal end, 
cutting across its frontal end, and then lifting it up 
until it broke off along the caudal notch. In this manner 
the dura above the sagittal sinus was exposed without 
blood loss from the sagittal or transverse sinuses. 
When a cautery tip was then moved over the dura 
above the sinuses, some bleeding ensued from these 
blood vessels. This bleeding could, however, be readily 
stopped by further cauterization. The dura overlying 
the median cortex was then removed and the under- 
lying cortex was scooped out with a curette. An at- 
tempt was made to remove most of the median surface 
of the cortex and a minimum of lateral cortical tissue. 

For the lateral group of rats the dorsal openings 
in the skull were further enlarged by removing part 
of the temporal bones. The dura was then pierced 
along the lateral edges of the openings and strips of 
underlying cortex were scooped out in each hemisphere. 
In two of these animals (rat 9 and one that subse- 


quently died) the bone strip above the sagittal sinus 
was subsequently removed and the sinus was cauterized. 
After removal of the cortical strips the skin flaps were 
sutured and the suture was covered with collodion. 


Determination of Lesions z 

The location and size of cortical lesions were deter- 
mined according to the procedure described previously 
(S). The stain used was gallocyanin, whic was found 
to color the tissues more intensely thai. did toluidine 
blue. The lesions were reconstructed on Lashley brain 
diagrams. 

RESULTS 
Effects of Lateral Lesions 

The location and extent of the lateral lesions 
are shown in Figure 1. The size of the lesions 
for the group of eight rats ranged between 
9 per cent and 19 per cent of the total surface 
of the neocortex, with a mean value of 13.7 
per cent. These lesions, with the exception of 
the lesion of rat 9, did not include the median 
cortical surface. The dura of rat 9 had been 
cauterized above the sagittal sinus during the 
operation. Figure 2A shows the tracing of a 
brain section of rat 10 at approximately level 
4.5 of the brain diagram. The areas of cortical 
ablation can be seen in this figure. 

The magnitude of hoarding for each rat is 
expressed by its “hoarding score," which is 
the mean number of pellets collected per trial 
during the 10-day preoperative and post- 
operative hoarding periods, respectively. The 
mean scores for this group of eight rats were 
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Fic. 1. Reconstruction of the 


, Reconstru group of dorsolateral cortical lesions. For each diagram the left number indi 
cates the identification of the arimal, the right number the percentage of neocortex removed. 
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35.8 pellets for the preoperative and 33.6 for 
the postoperative trials, with standard devia- 
tions of 13.1 and 7.15, respectively. These 
scores indicate that there was no appreciable 
hoarding change for this group of rats as a 
consequence of the operation. Two rats, how- 
ever, showed substantial reductions in hoard- 
ing, which may be expressed by the “deficit 
index" (DI), ie. the ratio of the difference 
between pre- and postoperative hoarding to 
the preoperative hoarding score. Rat 9, which 
had some tissue removed on the median cor- 
tical surfaces (Fig. 1), had a DI of 0.39. For 
rat 13 the DI was 0.49. The brain sections for 
this rat showed bilateral subcortical damage 
at approximately level 10 of the brain dia- 
gram. The brain sections of the other rats in 
this group did not indicate subcortical brain 
damage. 

The small difference between the pre- and 
postoperative mean hoarding scores for the 
group of rats with dorsolateral lesions is not 
surprising, since other investigators have 


Les found that lesions smaller than 20 per cent of 
F the cortical surface had little effect on the 
Pic, s sae ; 

leve] 4. $Tracings of brain sections at approximately behavior investigated (1, 2, 4). 

nthe brain diagrams. A: for rat 10, in the Affects of Median Lesions 


latera] 
group; B: for rat 2, in the median group. The Lesions of the median cortical surface are 


Sections 
Shown p, of Cortex remaining after the operations are 2A 
Y the shaded areas. reconstructed in Figure 3. It was not always 
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Ten 8 3. : : - 
Tova) construction of the group of median cortical lesions. The solidly marked areas indicate complete 
e dotted areas partial removal, of the underlying cortical tissue. For eack diagram the left number 


les t 
he identification of the animal, the right number the average percentage of cortex removed. 
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Fic. 4. Mean hoarding scores (number of pellets 
collected per trial) for the groups of rats with lateral 
and median lesions, respectively, during pre- and 
postoperative hoarding trials. 


possible to remove all the cortical tissue along 
the median surfaces. The tracing of a brain 
section of rat 2 at approximately level 4.5 of 
the brain diagram is shown in Figure 2B, which 
indicates that small pieces of cortical tissue 
remained near the midline of the brain. The 
dotted areas in Figure 3 indicate surfaces 
where the underlying cortex was not completely 
removed, whereas the solidly marked regions 
correspond to surfaces where all the underlying 
cortex had been taken out. In order to deter- 
mine the approximate size of cortical lesions, 
it was assumed that one-half of the cortical 
surfaces indicated by the dotted areas was 
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destroyed. As can be seen from Figure 3, the 
dotted areas constitute only small portions 
of the total cortical lesions, so that this ap- 
proximation may be fairly accurate. The size 
of the lesions for this group of rats ranged 
between 8 per cent and 17 per cent of the total 
cortical surface, with a mean velue of 13.3 
per cent. i 

An examination of the brain sec.ions showed 
that rat 15 had rather extensive bilateral 
damage to the frontal portions of the striatum. 
Damage to the corpus callosum was observed 
in rats 3, 23, and 33. No subcortical lesions 
could be seen in the sections of any of the other 
rat brains. 

The mean preoperative hoarding score for 
this group of rats was 34.3 pellets, with a stand- 
ard deviation of 13.3. For the postoperative 
hoarding the mean was 8.65 and the standard 
deviation 5.7. Figure 4 shows the mean pre- 
and postoperative hoarding scores for the 
lateral and median groups of rats. This figure 
illustrates clearly the marked drop in hoarding 
of the median group as a consequence of the 
brain operation. For the postoperative hoard- 
ing the difference of 24.95 pellets between the 
lateral and median groups is highly significant. 
The ¢ ratio for this difference is 8.06, which 
indicates a probability of less than .001 that 
the two groups were samples from the same 
population. During the preoperative hoarding 
trials the difference between the two groups 
was only 1.5 pellets (¢ = 0.25), which may well 
be ascribed to chance variations. 

For the rats with median lesions the droP 
in hoarding as a consequence of the operations 
was significant for every rat in the group: 
The smallest ¢ ratio for the difference betwee? 
mean pre- and postoperative hoarding wa 
4.46 for rat 17, which is significant beyond thé 
.01 level of confidence. 

All rats in this group, except rat 39, hoarded 
during the postoperative trials. Rat 39 went 
to the food bin several times during this period; 
ate some pellets there, and carried sever? 
pellets in the alley, where it dropped them 
before returning to its cage. It may therefore 
be concluded that lesions of the median corte* 
did not interfere with the rats’ abilities t° 
perform the hoarding activity. 

The DI for the group of rats ranged betwee? 
0.38 (rat 17) and 1.00, and its mean was 0.15 
with a standard deviation of 0.18, If, ash? 
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" : TABLE 1 
omparison of Hoarding Speeds and of Daily Latencies of Hoarding for Two Groups of Rats 
VARIADLE LESION GROUP NO. OF RATS NO. OF SCORES MEAN (SEC.) c (SEC.) | UA 
o 
t ? 
Daily | | 
aily latency Lateral 7 34 22.3 16.6 
E Median 13 60 29.7 28.8 desti aos 
Hoardj 
carding speed Lateral 8 104 5.22 1.41 
: Median 13 125 7.02 392 | PB | Si 


ie hypothesized, the reduction in hoarding 
OUT the removal of cortex along the median 
alby TD, the amount of cortex removed 
nitude a surface may be related to the mag- 
may be the DI. The median cortical surface 
Pic Mi indicated in Lashley's diagrams by 
Tower aa, and m (4). The extent of the 
estimated T the median cortical surface was 
this SS by measuring their lengths along 
of the rid of Lashley’s areas in units of levels 
right m diagrams. These measures for the 
ae left hemispheres were then added. 
ene rw the total surface along the dorsal- 
Partial le imension was not always removed, 
i ^ xar. which are shown by the dotted 
Units, S; e diagrams, were expressed by half- 
Prostneta: these cortical areas extend ap- 
lateral ely between levels 1 and 17, total 
ake e eer of the median cortical sur- 
reete be indicated by 32 units. The 
ranged E of the total median cortex removed 
With a etween 50 (rat 17) and 97 (rat 36) 
d group mean of 75. It was then possible 
en the correlation between the ex- 

in dur ter cortical lesions and the deficit 
moment hese calculations resulted in a product- 
tio for gionem coefficient of .87. The ¢ ra- 
th 1s coefficient is 13.85, which indicates 
a positive correlation exists between 


these t s 
eyond ^9 we at a confidence level well 
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Adding 
tonal Measures of Hoarding Activity 


Sev 
complenity dors (6, 7) have discussed the 
Tats and ha of the hoarding performance of 
Pellets con ve pointed out that the “number of 
ivity. ected” is only one measure for this 
Performane De may therefore compare the 
es of the two groups of rats on 


Other 
measures of this behavior. 


A rat does not usually begin to hoard on the 
first day of an experiment, but it may remain 
in its cage or wander in the alley for several 
days prior to hoarding. The interval between 
the first postoperative trial and the trial at 
which each rat began to hoard was determined 
for both groups of rats. For the lateral group 
the mean for the trials at which hoarding began 
was 5.5 and the range was from the third to 
the twelfth trial, while for the median group 
(14 rats) the mean was 7.1 trials and the range 
was from the second to the fourteenth trial. 
The median for both groups was 4.5 trials. 

Records were kept of the daily latency (the 
interval between the opening of the sliding 
door and the rat's first entrance into the alley 
in order to hoard) and the speed of hoarding 
(the time interval between the rat’s leaving 
the cage and dropping a hoarded pellet in it) 
during the period between the twelfth and 
twenty-third day of the postoperative experi- 
ment (this was generally during the last five 
days of the ten-day trial period for each rat). 
Comparative values of these measures for the 
two groups of rats are shown in Table 1. 
This table indicates that not all animals were 
used in these observations. For the latency 
determinations rat 25 was excluded because it 
died during this period, and rat 31 was ex- 
cluded because it hoarded at the most two 
pellets with latencies of several minutes. For 
the speed determinations rat 36 was excluded 
because it hoarded so little that reliable 
measures could not be obtained. Rat 39 never 
hoarded. 

The mean daily latencies were 22.3 sec. for 
the lateral and 29.7 sec. for the median group. 
The difference between these means is not 
significant and is largely due to the long laten- 


cies of a few animals in the median group. 
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The range of latencies was from 4 to 70 sec. 
for the lateral and from 2 to 140 sec. for the 
median group. It may be noted that 22 of the 
34 scores for the lateral, and 33 of the 60 scores 
for the median group were less than 20 sec. 
Consequently, the majority of rats in both 
groups had approximately equal daily laten- 
cies. 

The mean values for hoarding speed were 
5.22 sec. for the lateral, and 7.02 sec. for the 
median group of rats. The difference between 
these means is statistically significant. There 
were, however, several rats with median le- 
sions which hoarded as quickly as did rats 
with lateral lesions. For example, 74 of the 
104 scores for the lateral group were 5 sec. 
or less, and 43 of the 125 scores for the median 
group were of this magnitude. The fastest 
hoarding speed for rats in both groups was 
3 sec., whereas the slowest speed for the lateral 
group was 10 sec. and for the median group 
17 sec. It is apparent, therefore, that, although 
rats with lateral lesions hoarded on the whole 
more rapidly than did those with median 
lesions, the differences between these scores 
are not large and are not as marked as are the 
corresponding differences for the magnitude 
of hoarding. 

The analysis of these three measures of 
hoarding performance indicates that rats with 
median lesions are able to perform the hoarding 
act as efficiently as do those with lateral lesions 
and that the main difference in the hoarding 
behavior between these two groups is in the 
magnitude of hoarding, ie., the number of 
pellets collected during each trial, 


DISCUSSION 


The results of the present investigation 
show marked reductions of hoarding scores as 
a consequence of lesions of the median cortical 
surface, without substantial changes of other 
measures of the hoarding performance. The 
Majority of rats in the median group retrieved a 
small number of pellets during each trial in an 
efficient, orderly manner. The median values 
for the number of pellets collected by rats in 
this group are smaller than are their means, 
since most rats usually collected a relatively 
large number of pellets for a few trials and 
then fewer pellets during the remaining trials, 
Le. the distribution of hoarding scores is 
positively skewed. These rats usually retrieved 


JOHN S. STAMM 


a few pellets during the first minutes of cach 
trial and then remained in their cages while 
eating. Those rats which hoarded heavily 
did not do so continuously but alternated 
between periods of pellet-retrieving and eating 
in their cages. Since all animals were on dep- 
rivation feeding, they needed to eat some of 
the collected pellets in order to maiftain their 
weights, and there were no appreciable changes 
in the weights of rats, regardless of their group, 
between the start and termination of the 
experiment. 

The effects of small median lesions appear 
to be markedly different from those of lateral 
lesions, although the average size of the two 
groups of lesions was almost identical. The 
fact that the lateral lesions had no marked 
effect on hoarding activity is in agreement 
with similar investigations of other types of 
behavior. Beach, for example, found that le- 
sions of less than 20 per cent of the cortical 
surface had little effect on the retrieving of 
pups by their mothers (1), nor did lesions of 
this size reduce the copulating performance of 
male rats (2); Lashley found only small in- 
creases in errors in the maze learning of rats 
with cortical lesions of this magnitude (4, 
p. 66). In the present investigation hoarding 
Scores were reduced by an average of 73 per 
cent of their preoperative values as a. conse- 
quence of median lesions of an average of 13.3 
per cent of the cortical surface. In order to 
lower measures of maternal or of male copu- 
latory activity to this extent, it was necessary 
to remove more than 40 per cent of the cortical 
surface (1, 2). 

In the previous investigation (8), when large 
lesions were applied over most of the cortica! 
surface, which included only small portions 
of the median cortical strip, the correlation 
coefficient between the extent of destruction 
of the median cortical surface and the deficit 
index was 0.44. It is therefore not unlikely 
that relatively large lesions of the latera 
cortical surface will reduce hoarding activity: 
although not as effectively as will much smaller 
lesions of the median cortical surface. In the 
present experiment the correlation coefficient 


between these variables was 0.87. This coef - 


cient may be the expression of mass action 9 
this particular area, ie. more extensiv? 
destruction of the median cortical surface Wi! 
result in greater reduction of hoarding activity? 
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and there are no limited areas within this 
surface which specifically control hoarding 
behavior. In order to test this hypothesis it 
would of course be necessary to conduct more 
experiments with a larger number of animals. 
. The present investigation points to the 
Importance of a restricted cortical area for the 
control of hoarding activity. Little is known 
about the Tunctional significance of this re- 
Bebe that its removal does not inter- 
M With sensory and motor activity. It may 
s ane that this area performs some func- 
Shes Rue those ascribed to the frontal 
B z od mammals, and recent investiga- 
Ports the limbic cortex (3, 5) in cat, monkey, 
Bede ga have shown the importance of this 

A cortical area in regulating behavior. 
the tear be some correspondence between 
iMedia nic cortex in higher mammals and the 
m scent surface of the rat. It certainly 

Bus esirable to investigate the function of 
in Ttical strip in relation to other behavior 

erns than hoarding. 


$ SUMMARY 

to ae bilateral cortical lesions were applied 
group” Broups of rats: 8 rats in the "lateral 
cortical received lesions along the dorsolateral 
group Surfaces, and 15 rats in the “median 
cortical Teceived lesions along the median 
Bios rines, In order to apply the latter 
Which » an operative technique was developed 

avoided excessive bleeding from the 


Sa, it è 5 HL 
ae sinus. The rats’ hoarding activities 
tion €termined before and after the opera- 


Pellets Hoarding scores were the number of 
a Collected during 20-min. trial periods. 
esults obtained were: 
size Ot the lateral group of rats the mean 
Neocorte S lesions was 13.7 per cent of the 
Were 35 5 - This group's mean hoarding scores 
Pellets Fe Pellets for the preoperative and 33.6 
f M e postoperative trials. 
Size of the i median group of rats the mean 
Neocortex ae was 13.3 per cent of the 
Were 34.3 ees group's mean hoarding scores 
Pellets E. ets for the preoperative and 8.65 
Nee bet, € postoperative trials. The differ- 
Scores for en mean pre- and postoperative 
Syond th each rat was, moreover, significant 
© -01 level of confidence. A “deficit 


index” (ratio of reduction of hoarding to pre- 
operative hoarding score) was computed for 
each rat, and this index was between 0.38 and 
1.00, with a mean of 0.73. 

3. The deficit index was related to the ex- 
tent of the cortical lesions (ie. lengths of 
lesions along the midline of the brain) by a 
product-moment correlation coefficient of .87, 
which was significant beyond the .01 level of 
confidence. 

4. The two groups of rats were compared 
for additional measures of hoarding activity. 
The mean trial for the onset of hoarding was 
5.5 for the lateral group and 7.1 for the median 
group. The mean daily latencies were 22.3 
sec. and 29.7 sec, and the mean hoarding 
speeds were 5.22 sec. and 7.02 sec. for the 
lateral and median groups, respectively. 

It was concluded that the effect of small 
lesions of the median cortical surfaces was to 
greatly reduce the amount of hoarding of rats 
without markedly influencing other measures 
of hoarding performance. This restricted cor- 
tical area therefore seems to control hoarding 
activity to a greater degree than do other, 
larger areas on the cortical surface. 
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BIOELECTRICAL POTENTIALS AND MENTAL EFFORT: II. FRONTAL 
LOBE EFFECTS 


ADELBERT FORD 
Lehigh University 


We have previously shown (2) that mental 
effort, such as is involved in purely mental 
arithmetical operations, is accompanied by 
greater cardiac strain as measured by the 
integrated heart electrical output. In the 
present report we shall show that a similar 
technique can be used to exhibit certain 
cerebral increases in electrical effects. 

The overwhelming number of electro- 
encephalogram (EEG) studies has dealt only 
with wave pattern or the qualitative aspects 
of the cerebral electrical response. Many 
alleged significances have been attached to 
the various wave forms, but it seems that 
diagnosis purely from EEG wave form is very 
uncertain. In a few situations the EEG form 
is very helpful corroborative evidence in the 
presence of other facts. 

For instance, Cohn (1) mentions that large 
and slow EEG deflections of much lower 
frequency than the alpha rhythm are the 
characteristic phenomena accompanying any 
abnormal stress on the brain, whether epilepsy, 
brain tumor, or other conditions. But he also 
shows conclusively that people who are 
mentally normal, and who reveal no suspicion 
of pathological brain condition, also show these 
same slow, large deflections, on some occasions. 
His atlas of EEG samples verifies this. 

Kennedy ef al. (3) claimed the discovery of 
a new wave form during mental calculation 
which they called “kappa bursts.” It is 
doubtful if these are so unique that they can 
be identified with mental calculation, and in 
fact it is doubtful, from the appearance of the 
samples published, that they are in any way 
separable from the slow deflections described 
by Cohn. 

However, we shall show that the pre- 
disposition for these exaggerated low-frequency 
wave forms to appear is a concomitant of 
mental effort in a good proportion of the Ss 
measured, and that these large deflections 
produce an integrated electrical potential well 
above that of the resting individual. 
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METHOD 


Nineteen Ss were given alternate 3-min. periods of 
mental calculation by the method and under the con- 
ditions described in the previous article (2). The active 
electrode was attached over the left frontal lobe for 
right-handed Ss and the right lobe for left-handed Ss 
(but it is not certain that this has any significance in 
the final results). The neutral electrode was attached 
to the ear lobe which was on the same side as the active 
electrode. The bioelectrical output was then connected 
to (a) a Grass standard electroencephalograph and (5) 
the bioelectric integrator, as cited in the previous 
article. 

If rest periods are denoted by the symbol R and 
calculation periods by the symbol W (work), a typical 
run would be RWRWRWRWR. The first half of 
this run is designated as RWRWR, and the last half 
begins with the middle R andis designated as RWRWR. 
The three rest periods are averaged together and the 
two work periods are averaged together to show the 
percentage increase due to mental effort. We can thus 
show whether or not there are any adaptive effects 
which change in the last half of a run in comparison 
with the first half. It was always important to begin and 
end with a rest period in order that an average control 
score would not be affected seriously by a change in 
the general level of output, either higher or lower. 


RESULTS 


Table 1 shows the percentages of increase for 
mental work periods as compared with rest 
periods for the frontal lobe bioelectrical wave 
integrations. The first column gives the value? 
for the first halves of the runs, and the seco? 
column gives the values for the second halve? 
of the runs. The Ss are arranged in descending 
order from greatest total increases, in th? 
third (total average) column, down to smallest 
increase. Just as in the previously reporte 
cardiac studies, the comparison of first ha 
with second half is presented to show any 
possible adaptive effects during the runs. 

Figure 1 shows the corresponding EEG 
wave-form samples arranged in the sam 
order as the data in Table 1. The letter ; 
is at that position of the EEG where 5 wa? ; 
a rest period; the letter J is over the arn 
intermission when S was being given the 
numeral for his next computational problem? 
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TABLE 1 
Percentage of Increase for Integrated Frontal Lobe 
Potentials as Compared with Heart Potentials 


Percentage increase of electroencephalic potentials 
from the frontal lobes during pure mental effort as 
Compared with those taken during control relaxation 
Periods. The Ss are arranged in descending order of 
total output. Electrocardiac potentials are shown for 
comparison , 
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FRONTAL LOBE INCREASES CARDIAC INCREASES 


SUBJFCT 
Rt Second Total First | Second 

| alf Half Average Half Half 
We +67.1 | +105.9| +86.5 | +3.8| +3.1 
Cs +68.7 | +76.6| +72.6 | 47.7 | +5.1 
SCL +43.0 | +40.9| +42.0 

CGS +34.0 | +35.7 | +34.8 | +3.5 

LG +23.2 | +46.5| +34.8 | +4.8| +6.8 
Vrs +25.9 | 420.5] +23.2 | +11.0| +2.7 
MSK +13.4 | +31.2| +22.3 | +6.0| +5.1 
OHA +27.0 | +15.0| +21.0 | +3.5| +3.3 
FOA +30.2 | +11.3| +20.7 | +4.8| +6.5 
RG +21.2 | +18.5] +19.8 | +5.6| +4.1 
RPG +8.3 | +25.9| +17.1 | +9.4| +0.4 
WLR +14.9 | +18.7 | +16.8 | +7.1 +5.6 
RHS +11.7 | +13.7| +12.7 | +6.1| +4.6 
NS +7.0 | +14.4| +10.7 | +6.6| +6.3 
HEK T5.1 --5.8| +5.5 | +6.2| +1.0 
WHM +4.4 +5.2| +4.8 | +6.1] +5.9 
FC +4.8 | —2.8| +1.0 | +6.9| +3.9 
AM +0.4 -F0.6| +0.5 | +0.2| —0.1 

—1.2 +1.2 0.0 | +4.3| +6.3 

sos mayna AAV VY VV 
iis Be APTA e Aa e Se rent 
RHS R ; z 

a R 1 w 

i TIME IN SECONDS: o 2 4 5 
Pr 

fhenta] = Types of EEG patterns during rest and 
Over a ape R, over the terminal of a rest period; J, 


Sec. intermission; and W, over the beginning 


y me; > : 
tions, "e ey period. For corresponding integra- 


‘nd the Jette 
Was in his r 


r W is at that position where 
Were NE eain work period. Integrations 
received pi y started 5 sec. after each S had 
Shock dit, problem numeral, to avoid the 
of each er of auditory processes. At the end 
Stopped = a work period, integration was 
Unication ore calling over the intercom- 
Workeq .. SPeaker for the answer. The Ss 
Closeq, very subdued light with eyes 
Signs of y, © E watched their faces to detect 
erbalization during the mental work. 


It must be realized that these are short and 
very incomplete samples from graphic records 
which were perhaps 200 times as long. They 
have been selected to show, qualitatively, as 
good a picture of the characteristics of each S 
as can be done in the author's judgment. The 
wave-form characteristics of each S showed a 
strong tendency to keep the same form all 
the way through, even though they differed 
from each other quite extensively, as the chart 
shows. 

The heavier increases in bioelectric potential 
are accompanied by a wave form which is 
typically like those of 5s JWG, RCB, and 
RG, although RG generally did not have the 
large deflections as close together as they 
appear in the chart. It is possible to say that, 
roughly, all large bioelectric integrations were 
primarily due to these low-frequency, large- 
amplitude deflections which are similar to 
Kennedy's “kappa bursts.” 

Records like those of Ss LG and MSK, 
however, show a pattern characterized by 
low-frequency, high-amplitude waves super- 
imposed on the alpha rhythm, whereas in a 
pattern like RCB’s the low-frequency form 
actually obliterates the alpha completely. It 
is probably a matter of degree. 

The tracings of VFS, RPG, and WHM show 
a slight contamination from the tone of 
m. facialis, and this would have been greater 
had the electrode been a little nearer the 
forehead. This phenomenon is the cue cited 
by Kennedy ef al., which they asserted could 
be used as the “alertness indicator,” but 
obviously it does not always appear. It is 
possible for many Ss to show all the signs of 
mental effort without the tone of m. facialis. 

There may be a possibility that other parts 
of the brain may have taken a more dominant 
role in Ss, like FC and AM, whose percentage 
increase in bioelectric integration is very 
small. That is on the agenda for later investiga- 
tion. ` 

With regard to “adaptation” effects, these 
brain potentials show no such trends at all. 
Contrary to the results from the cardiac 
studies, the second halves actually average a 
slightly higher integrated potential. The 
average of the first halves is 21.5 per cent 
increase for the mental work periods, and for 
the second halves, 25.5 per cent increase. The 
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difference in means is not statistically reliable 
owing to the very great individual differences. 

There was no statistically reliable dif- 
ference for problems worked correctly, prob- 
lems partially correct, and problems entirely 
incorrect. 

There was no statistically reliable correla- 
tion between the amount of the cardiac 
potential rise and the amount of the frontal 
lobe rise. This is shown in Table 1. It is safe 
to say merely that the bioelectrical potentials 
of both heart and brain are higher during 
mental effort. 


SUMMARY 


1. Increases in bioelectric potentials from 
frontal lobes during mental effort (arithmetical 
calculation) averaged as much as 25.5 per 
cent and reached a value of 105.9 per cent as 
the maximum. 

2. The Ss with large increases in integration 
exhibited wave patterns characterized by low- 


frequency, high-amplitude surges which some- 
times obliterated the alpha rhythm during 
mental effort. 

3. There was no reduction in potential 
output during the second halves of .the 
experiment. If anything, the bioelectric output 
was higher. 

4. There is little or no direct corréspondence 
between cardiac potentials and frontal lobe 
potentials. Both are higher during rüental 
effort. 
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WEIGHT JUDGMENT IN SOMESTHESIS AFTER PENETRATING INJURY 


TO THE 


BRAIN! 


z SIDNEY WEINSTEIN 
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qi s o vestigations of sensory deficit 
the ee rain injury in man have emphasized 
ent appearance of impaired weight 
Been ae 3). In subsequent studies (1, 4), 
c A efects in weight discrimination were 
iction pary found. The apparent contra- 
ii MA to stem, in large part, from 
bes x in testing procedure. More recently, 
weight n ender, and Battersby (7) studied 
with pari Scrimination in a group of 16 men 
ability t PM lobe lesion. They found that the 
when yw x k pr lay d: weights was unimpaired 
same ind ts were hefted successively by the 
simultaneo? but when the weights were hefted 
errors a ously with both hands, significant 
did E uM. These investigators, however, 
taneity ee the separate roles of simul- 
whether oilaterality, nor did they determine 
con Eee lobe injury was a necessary 
n or the appearance of constant errors. 
Clarity fist experiment was designed to 
(a) s following points: whether or not 
teveals Ra of both hands in the brain-injured 
troduced Lh errors, (b) different effects are 
stimulatio y simultaneous or successive 
Tesence n, (c) constant errors appear in the 
eficits as well as absence of somatosensory 
Vostra de established, and (d) any 
Weight qi the brain are focally concerned with 
T. Scrimination. 
With ae of men with brain injury, and men 
therefore tos to the peripheral nerves, were 
Weight dig Sted to compare their abilities in 
Crimination on the supported palms. 
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Psychophysiological Laboratory, New York University—Bellevue Medical Center 


METHOD 
Subjects 

Selling and criteria for selection. This study was 
carried out in the Psychophysiological Laboratory of 
the New York University—Bellevue Medical Center. 
The laboratory is currently engaged in research con- 
cerning the effects of penetrating injuries of the brain 
in man. The Ss used in this general project consist of 
over 300 male veterans of World War II and a lesser 
number of veterans of World War I and the Korean 
campaign; all have traumatic lesions of the nervous 
system incurred in service. 

Two mutually exclusive categories of Ss have been 
used: men with proven loss of brain substance and 
men with trauma to peripheral nerves. Lesions are 
established by review of pertinent medical records 
(surgeons! notes and roentgenographic evidence). 
Most of the men are ambulatory, and all come volun- 
tarily to the laboratory, where they have participated 
in a number of studies (5, 6, 7). 

Definition of experimental and control groups. The 60 
Ss used in the present experiment were selected from 
those available to the laboratory. They comprised four 
groups of 15 Ss each; one group with brain injury and 
evidence of somatosensory impairment of the hand 
(hereafter called the brain-injured sensory group); the 
second, with brain injury, but without evidence of 
somatosensory impairment of the hand (the brain- 
injured nonsensory group); the third, with injury to 
one or more peripheral nerves supplying the hand (the 
arm-injury group); the fourth, with injury to one or 
more peripheral nerves of the leg (hereafter called the 
leg-injury or control group). 

Somatosensory impairment was defined by one or 
both of the following two criteria: (a) diminished 
kinesthetic sensitivity, defined as diminution of ability 
to discriminate the direction of small passive move- 
ments of the distal joints of the index fingers, or (b) 
diminished tactile sensitivity. Tactile sensitivity was 
determined by means of thresholds on palms and 
thumbs. These were obtained by the use of graded 
nylon monofilaments, calibrated for force exerted. The 
threshold was defined as the mean force just perceived 
in three ascending and three descending series, the 
method of limits being employed. A threshold was 
considered elevated if it was significantly greater (at 
the .05 level of confidence) than the mean of a normal 
control group. 

In each of the groups used in the present experi- 
ment, one hand was considered relatively “affected,” 
and the other, relatively “normal.” In the Bui 
injured sensory group, the hand which showed sensory 
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impairment (or more impairment than the other hand, 
if both were involved) was designated as the affected 
one. In the brain-injured nonsensory group, the hand 
contralateral to the brain lesion (or to the larger lesion, 
if the lesion was bilateral) was designated affected. In 
the arm-injury group, the hand on the same side as the 
nerve injury was called affected. In the control group 
(leg injury) the hand on the same side as the nerve 
injury was arbitrarily defined as affected. 


Apparatus 


The stimulus objects employed in this study were 
two solid, circular, bronze cylinders. The total weight of 
each was 103.6 gm. The bases were 31.5 mm. in di- 
ameter. The top of each cylinder was attached to a 
universal joint, in order to allow the base of the cylinder 
to conform to slight inclinations of S’s palm. Each 
stimulus object was attached to a piston which moved 
vertically in a loosely fitted, hollow cylinder. This 
device caused the weight to fall on the same part of the 
palm on each trial. The piston was attached to an a.c. 
solenoid by a taut nylon cord. Energizing the solenoid 
caused the weight to rise instantaneously; de-energizing 
it caused the weight to drop instantaneously. 

The solenoids were connected to a timing relay 
system consisting of four Hunter decade electronic 
timers wired in an automatically recurrent series. The 
timers were wired so that four different time intervals 
could follow one another. The last timer automatically 
restarted the first timer. A stimulus pair was presented 
in the following way: timer 2 de-energized the solenoid, 
causing the first standard weight to fall on the palm, 
where it remained for 1 sec. At the end of this time, 
timer 3 re-energized the solenoid, lifting the weight and 
keeping it up for the amount of time set on timer 3 
(0.1, 2, 3, or 5 sec.). Then timer 4 de-energized the 
solenoid and allowed the second (comparison) weight to 
fall on the other palm, where it remained for 1 sec. 
Following this period, timer 1 re-energized the solenoid, 
lifting the second weight and keeping it up for the 
amount of time set on timer 1 (rest period). 

By means of three double-throw switches the timers 
could be regulated so that (a) the weight on the right 
side would fall first, and the left, second; (b) vice versa; 
or (c) both weights would fall simultaneously. 

The timers and solenoids were completely encased in 
double layers of felt and wood to decrease the humming 
and clicking usually associated with these instruments. 
The timers, solenoids, and stimulus objects were 
housed in a cabinet. The S sat on one side, the E, on 
the other. The stimulus objects were directly above S’s 
supinated palms, which were held securely in place 
inside the cabinet by restraining devices for the thumb 
and fingers. 


Experimental Design 


The experiment consisted primarily of intensity 
(weight) judgments between two identical objects. 
Throughout the entire experiment, objects of only one 
size and weight were employed (see Apparatus), and the 
duration of contact of the stimulus with the palm was 
kept constant at 1 sec. The rest period after the presen- 
tation of each stimulus pair was usually 5 sec. How- 
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ever, it was sometimes necessary to lengthen this period 
in order to allow more time for S’s response. At no 
time was S informed of the fact that the stimuli were 
physically identical. 

There were three bilateral conditions of testing, two 
successive and the third simultaneous. In one successive 
condition, the affected hand received the standard, and 
the normal hand the comparison weight. In the other 
successive condition, the reverse order was used. The 
remaining condition consisted of simultaiieous presenta- 
tion of the stimuli to the affected and normal hands. 

In the successive conditions five time interva's were 
interpolated between the standard and comparison 
stimuli. The time intervals intervening between the 
two stimuli were 0.1, 1, 2, 3, and 5 sec. All five time 
intervals were used in each of the twó successive con- 
ditions. Thus, there were ten combinations of interval 
and condition, and five replications, making a total of 
50 judgments in the two successive conditions. - 

In the two successive conditions S was required to 
judge whether the comparison (second) weight kc 
heavier or lighter than the standard (first) weight. n 
the bilateral simultaneous condition he was required to 
judge whether the weight on the affected hand t 
heavier or lighter than the one on the normal han . 
Only two categories of judgment were allowed in € 
attempt to establish in S an attitude of looking fo 
small differences. 

An S's score for the successive conditions was the 
number of times in 50 judgments that the weight. on 
the affected hand was called “heavier” than the weigh 
on the normal hand. Each score for the simultaneous 
conditions was the number of times in ten judgment) 
that the weight on the affected hand was calle 
"heavier" than the weight on the normal hand. 3 

In order to allow comparisons unbiased by systematic 
order of condition or interval, separate latin square 
were set up for each S to randomize the three condition? 
and the five interpolated time intervals within e4c 
successive condition. Each of the four groups of 
(brain-injured sensory, brain-injured nonsensory, arm” 


ban e 
injury, and control) was tested under all thr 
conditions. 


RESULTS Mi 


The principal effects investigated in th 
experiment were those of: (a) Locus of lesi0^ 
ie. a division of the experimental gro" 
according to the lobe of the brain inju€. 
(frontal, parietal, temporal, or occipital lobes): 
the right or left cerebral hemisphere; an 
the groups with peripheral nerve injury ° 
the arm or peripheral nerve injury of the 1e% 
(b) Symptom, i.e., a brain-injured group wit 
sensory impairment, a brain-injured grou? 
without sensory impairment, and Ss with 
above-mentioned peripheral nerve lesions- 
Condition of stimulation, i.e., simultaneous 
successive presentation of stimuli. 


the 
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4 IN JI ARM. 
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FE s — 
1G. 1. Constant errors for weight judgment. Levels 


Í signi 
9! Significance from chance are .05, .02, .01. 


Analysis by Locus of Lesion 


"end group of brain-injured men was 
of the Ys subgroups according to the locus 
iei: rain lesion, comprising men with 
occipital a frontal, parietal, temporal, and 
emisph obes, and the right and left cerebral 
PES eres. Analysis of results grouped in 
@ he ays revealed no constant errors between 
ah yi for judgments of weights. This was 
stimul nether successive or simultaneous 
ulation was employed. 


A 2 
"alysis by Symptom 


ae “i iis analysis, the patients were classified 
Presumed to their symploms, rather than the 
injured locus of brain lesion. The brain- 
Broups. Population was divided into two 
(as defi One with somatosensory impairment 
Without ed above) of the hand, and the other 
s Such somatosensory impairment. 
Crves Ps group, men with injury to the 
Constan" the leg, showed no significant 
Judge error between the hands for weight 
betwee nt. This lack of constant differences 
Successiv the hands held true for both the 
Stimulatic and simultaneous conditions of 
Show a ton. Nor did the arm-injury group 
the 4 54 Significant constant tendencies for 
eren ne hand to perceive weights dif- 
of wheth Tom the normal hand, regardless 
Stm), , CT successively or simultaneously 
The ied (Fig. 1). 

SUccessiye In-injured Sensory group, in the 
affected condition, judged the weight on the 
oma] jars as heavier than that on the 
n he rain; for à significant number of trials. 

*veaj,, injured nonsensor l 
B s y group also 
gnificant constant error for the 


ha 
n 
Contra] 
ateral to the brain lesion. Their 


error, however, was in the opposite direction 
—they significantly wderestimated weights on 
their "affected" hand with respect to the 
normal hand (Fig. 1). 

The constant errors in the simultaneous 
conditions are quite similar in direction and 
magnitude to those of the successive con- 
ditions, but fail to be significant, possibly 
because of the smaller number of judgments 
involved. 


DISCUSSION 


The few investigators who have concerned 
themselves with the effect of brain injury upon 
the ability to discriminate weights analyzed 
their results in terms of the locus of the 
lesion (1, 4, 7). With the exception of Head, 
none of these investigators attempted to 
relate his findings to the somatosensory status 
of the patient. They have usually found that 
parietal lobe lesions create deficits in the 
ability to discriminate weights, and that 
lesions in other lobes are not sufficient to 
create these deficits. The results of the present 
experiment are at variance with these findings. 
Whereas lesion of no particular lobe was found 
to cause defect in weight discrimination, 
analysis by means of the somatosensory 
status of Ss revealed two significant and 
opposite tendencies. Somatosensory defect of 
the hand created the tendency to over- 
estimate weight on that hand. Brain injury, 
without concomitant somatosensory defect, 
created the opposite effect (underestimation) 
with regard to weight judgment. Had these 
two groups been combined into a “brain- 
injured” group, as has been done in most 
studies, the two contrary effects would have 
cancelled one another, and no constant error 
would have been manifested. This probably 
accounts for the negative results reported for 
lobes other than the parietal. 

That sensory deficit per se is not a sufficient 
factor in the production of a constant tendency 
to overestimate weights is seen in the failure 
of the arm-injury group to manifest any 
constant errors. Apparently, brain injury is a 
necessary determinant of the constant error 
between the hands, and somatosensory status, 
of its direction. 

It is difficult to relate the present findings 
to those of Teuber eí al. (7). These investi- 
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gators found that bilateral simultaneous 
hefting produced underestimation in 16 cases 
with parietal involvement. They did not 
employ bilateral successive testing, nor test 
men with injury to other lobes. The present 
study reveals that bilaterality of stimulation, 
but not simultaneity, was crucial in revealing 
a deficit. In addition, analysis of results for a 
parietal lobe group in the present study 
failed to yield a constant error, whereas 
analysis according to symptom revealed over- 
estimation in the sensory group and under- 
estimation in the nonsensory group. Direct 
comparison of results of the two studies may 
be impossible since Teuber e/ al. employed 
hefting, while the present study relied upon 
placing weights on the supported hands. In 
any event, both studies agree in showing that 
bilateral stimulation with weights can reveal 
constant errors between the hands after brain 
injury. 

The physiological basis of intensity 
judgments in sensation is not known. However, 
the present findings Suggest a “post hoc" 
hypothesis which fits the data and suggests 
further tests in somesthesis and other sense 
modalities. The hypothesis assumes that 
subjective intensity is dependent upon three 
factors: (a) the magnitude of afferent influx, 
(b) the number of available (functioning) 
neurons in the primary projection system 
(somatosensory cortex), and (c) the amount 
of functioning cortex outside the primary 
projection system. 

Thus, according to (a), if there is a lesion 
in the primary afferents (peripheral nerves), 
the intensity should appear reduced, since a 
smaller than usual proportion of central 
neurons is activated. In accordance with this 
notion, our cases of peripheral nerve lesion, 
and sensory deficit involving the hand tested, 
tended to underestimate the weight. 

It is postulated further that an activated 
proportion of the primary projection system is 
capable of arousing an equal proportion of the 
other (nonsensory) areas. If this assumption 
is correct, then men with lesions outside the 
primary sensory System (or brain-injured 
“nonsensory” cases) should show under- 
estimation of the weights, since the normal 


number of neurons excited in the primary 


; 
system activates a subnormal number of 
neurons in systems outside the primary area. 

The converse (overestimation) occurred 
when sensory deficit was due to a lesion of the 
central projection system. A normal sensory 
influx impinged on groups of neurons in à 
System in which the total number of neurons 
had been diminished by brain injüry. Conse- 
quently, there was a greater proportion of 
sensory neurons activated by the stimulation, 
hence a supernormal number of nonsensory 
neurons was aroused, producing overestima- 
tion of the weight. The assumption that the 
lesion in the projection area is focal, i.e., that 
more sensory than nonsensory neurons are 
destroyed, is essential to this point. Inspection 
of the brain diagrams for our sensory cases 
reveals that this was the case, since patients 
with large, widespread lesions (resulting in 
hemianesthesia and hemiplegia) were not 
testable. 

The generality of this hypothesis might be 
tested for other aspects of somesthetic per- | 
ception such as temperature or pain, as well 
as for other sense modalities, in order to 
determine whether similar results can be 
obtained with analogous injury groups. 
Specifically, the hypothesis for vision woul 
be that if lights of equal brightness were 
presented to amblyopic and normal fields, 1? 
cases of lesion to the geniculo-striate system, 
the light in the amblyopic field should seem | 
enhanced in brightness. In cases in which the 
brain injury affects cortex other than thé 
striate area, the light in the normal fiel 
contralateral to the injury should be sub- 
jectively diminished in intensity. 


SUMMARY 


1. Constant errors between the hands, 0? 
estimation of relative weight with the sup- 
ported hand, were determined for four grouP? 
of 15 Ss each. These groups consisted of 
veterans with: (a) traumatic brain injury and 
consequent somatosensory deficit, (b) trat 
matic brain injury but without somatosens0. 
deficit, (c) peripheral nerve injury of the ar? 
and (d) peripheral nerve injury of the 1€ 
(controls). 

2. Two conditions of stimulation wea | 
employed: (a) Weights were applied to bot 
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hands simultaneously. (b) The comparison 
Stimulus was applied to one hand following 
application of the standard to the other hand. 

3. Significant constant errors between the 
hands were found in both brain-injured 


. Soups. This error operated to cause relative 


Overestimation of the magnitude of the weight 
on the affected hand in the group with 
Sensory deficit, and underestimation, on the 
and gontralateral to the brain injury, in the 
Stoup without sensory deficit. 

fo ma theory of the neurophysiological basis 
E » gments of magnitude was proposed to 
Fs nt for the differences among the three 
3perimenta] groups. Tests of the theory in 
8 er modalities and for other aspects of 

Testhesis are suggested. 
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DISCRIMINATION LEARNING AND HABIT REVERSAL AS AFFECTED BY 
THYROID HORMONE! 


ROBERT THOMPSON anp D. R. KENSHALO E 


University of Texas 


So far as we have been able to ascertain, two 
investigations dealing with the influence of 
hypothyroidism upon discrimination learning 
in rats have been reported. In one, no devia- 
tion in learning ability was found, while in 
the other, marked differences were noted. 
Rockwell (8), using a Yerkes visual discrimina- 
tion apparatus with a hunger motive, was 
unable to demonstrate that totally thyroid- 
ectomized rats were inferior to the normal 
rats in learning the discrimination. Scow (9), 
employing a ten-choice serial discrimination 
apparatus with escape from water as a motive, 
found that even partially thyroidectomized 
rats were decidedly poorer learners than nor- 
mal rats. 

Rockwell's study dealt with habit reversal. 
Both thyroidectomized and normal rats were 
trained to approach a situation which they 
had previously been trained to avoid. His 
results indicate that the thyroidectomized 
group broke the old habit in favor of a new 
one more readily than did the controls. 

We have been unable to discover any studies 
dealing with the influence of hyperthyroidism 
upon visual discrimination or habit reversal. 

The purpose of this experiment is threefold: 
(a) to provide data concerning the effects of 
hyperthyroidism upon the learning of a visual 
discrimination and the reversal of that habit; 
(b) to aid in the resolution of the differences 
between the two existing experiments on the 
learning of a visual discrimination; and (c) 
to investigate the temporal course of differ- 
ences in the ability to reverse a habit as a 
function of hyperthyroid, hypothyroid, and 
normal states. 


METHODS AND CONDITIONS 
Subjects 


Sixty male Wistar rats were employed as Ss. Their 
ages ranged from 25 to 35 days at the start of the ex- 


1 This research was supported by a grant-in-aid from 
the Research Council of Florida State University. 
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Florida State University 


" 
periment. The rats were divided by «he split-litter 
technique into three groups of 20 animals each. Daily 
injections of 0.075 mg. of crystalline thyroxing were 
administered subcutaneously to the animals of the 
hyperthyroid group, while the hypothyroid group €- 
ceived 0.1 per cent thiouracil, by weight, with their 
powdered food ration. (Thiouracil is known to inhibit 
the production of thyroid hormone [1].) Treatment 
lasted for the duration of the experiment. The remaining 
20 animals constituted the control group. In order to 
determine the relative effectiveness of medication upon 
the experimental animals in comparison with the p 
trols, all Ss were weighed every third day. Food an 
water were available in the home cages at all times. 


Apparalus 


A single-unit water T maze was used throughout the 
experiment. The alleys, which measured 8 in. wide an 
14 in. long, were filled with water to a depth of 12 in, 
The water temperature was maintained between n 
and 24°C. At the choice point two 71$-w. electri 
lights were mounted 4 in. above the water surface 0° 
either side of a vertical partition which extended 2 1” 
into the stem of the T. A shield of plywood painted L 
flat black covered the choice point. Hence, when either 
light was turned on, only one arm of the T was illum 
nated, the other arm remaining in darkness. A wit 
mesh ladder constituted the only means of escape fro™ 
the water and could readily be attached to either wiDÉ 
of the T. The animal was unable to see the ladder fron 
the choice point. From the ladder the animal coul 
climb on to a drying platform which was fastened to the 
rear of the maze. 


Procedure 


Preliminary training. Three weeks after beginning | 
the experimental conditions the testing program M | 
started. On the first day all Ss were given ten habit? 


ation trials in the maze. During these trials the electri? 
lights at the choice point were removed. The positio, 
of the ladder was varied in a random order with 
placements on each side. ; f 
Original learning. On the second day the reguli 
learning trials were given. The lighted alley constitut! 
the positive stimulus and thereby signified the prese? "m 
of the ladder on that side. The positive stimulus se d 
moved from one side to the other in a prearran£^, 
random order. The animals were placed in the watet 
the starting point in the stem of the T facing away dir 
the discriminanda. Since the correction method W a 
used, Ss were allowed to swim the ladder on each v 
regardless of their initial choice. Only the initial cho, 
on each trial was counted. A choice was defined aS mo of f 
ment of the thoracic region beyond the bifurcatio” | 
| 
| 


p 
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the wi 2 i i 

oi Forty trials per day were given until Ss 

m nnd a criterion of ten consecutive correct responses. 
16 animals were run in squads of ten; thus about 3 


min. elapsed be i i 
Fina tween succ n iv 
animal. essive trials for any given 


cd oe Tarea When the animals reached the 
Ue ? earning, the habit was reversed after three 

into thes ntervals. Each group was divided randomly 
E. € subgroups. One subgroup (Hypo, Controli, 
the i Ae each group was trained to reverse 
CES TE i abit 24 hr. after the criterion for original 
Sud Hy, s been met. The second (Hypo, Control, 
Sübgrou, ie and third (Hypo, Controls, and Hyper) 
Es i were trained on habit reversals at 7 and 14 

learning pear after the completion of original 
trials each assed training was given in sessions of 40 
sion, Wm with an interval of 1 hr. between each ses- 
Nas reac] a criterion of 10 consecutive errorless trials 
hed, Otherwise, the procedure used in habit 


Teversal «v. 
taming. ^ the same as that followed during original 


" RESULTS 
ody Weight 


i igure 1 shows the weight increments of 
growth ce groups. It will be seen that the 
eae es of the two experimental groups 
group rid retarded. The hyperthyroid 
i eighed significantly less than the 
hey dime P 27 days after starting injections. 
Likewise ered very significantly at 33 days. 
significan the hypothyroid group weighed 
ays afte y less than the control group 20 
i aig instituting the thiouracil diet. This 
On the Was very significant after 31 days 
indexes ps diet. Since one of the 
of ae thyroid disturbance is alteration 
ence th Tate, these data are taken as evi- 
conditi at the respective abnormal metabolic 
ons were established. 


Origina Dem ning 


n 
H , ms of trials it was found that the 
Contro, UP required a mean of 65.4, the 
56.4 à group, 42.9, and the Hyper group, 
es "toe the original problem. During 
ean als the Hypo group committed a 
“tors, as errors, the Control group, 19.0 

en the Hyper group, 24.9 errors. 

Spplieq UN of the analysis of variance 
Presented q the data of original learning is 
hi Ogencou Table 1. The three groups are of 
test (7 "s variance as shown by Bartlett's 
and for Bir © X^ for trials was 1.95 (p = .40) 
that th ors, 1.35 (p = .50). It will be noted 
ratios for both trials and errors 


E 
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6 12 n 24 30 36 
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Fic. 1. Mean body weights after onset of medication 


TABLE 1 


Analysis of Variance of Trial and Error Scores to 
Learn a Brightness Discrimination 


SOURCE OF VARIATION df sone | Fe 
Trials 
Between groups 2 2,553.0 | 3.11 
Within groups 57 820.3 
Total 59 
Errors 
Between groups 2 506.0 | 2.95 
Within groups 57 171.5 
Total 59 | 


* The F ratio required for significance at the .05 level of 
confidence is 3.16. 


fall just short of significance at the 5 per cent 
level of confidence. 


Habit Reversal 


Table 2 summarizes the analysis of variance 
applied to the trial and error scores for re- 
versal of the habit 1, 7, and 14 days after 
original learning was completed. Bartlett’s 
test for homogeneity of variance of the nine 
groups for trials yielded a x? of 6.43 (p = .40). 
For errors, however, the x! was 15.56 
(p — .05), causing us to reject the hypothesis 
of a homogeneous variance. Because of the 
heterogeneous variance of the error scores, only 
the delay differences are considered significant 
(7). No further analysis of the interaction 
was undertaken. 

It will be noted that the treatment and delay 
F ratios for trials are significant at the 5 and 
1 per cent levels of confidence, respectively. 
In addition, a highly significant interaction 
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TABLE 2 
Analysis of Variance of Trial and Error Scores to 
Reverse the Brightness Discrimination 1, 7, and 
14 Days after Original Learning 


MEAN | F 


Source or VARIATION | df | square 
Trials 
"Treatment 2 3,452 | 4.35* 
Delay 2 14,015 | 17.64** 
Treatment X Delay 4 11,220 | 14.12** 
Within groups 51 794 
"Total 59 
Errors 
"Treatment 2 924 | 1.66 
Delay 2 3,436 | 6.19** 
Treatment X Delay 4 1,501 | 2.70* 
Within groups 51 555 
Total 59 | 


* Significant at the .05 level of confidence. 
** Significant at the .01 level of confidence. 


TABLE 3 


Mean Trials to Reverse the Brightness Discrimination 
Habit 1, 7, and 14 Days after Original Learning 


paral) HYPO CONTROL HYPER verd 

1 54.7* 78.3 53.3 62.1 
200.61 44.5 57.9 

7 93.3 96.4 56.7 82.1 
140.5 112.9 52.8 

14 67.4 102.0 175.4 115.0 
107.3 166.9 167.8 
Means 72.6 93.0 97.2 

* Mean. 


1 Variance of the mean, 


between treatment and delay was obtained. 
Further analysis of the simple effects resulting 
in this significant interaction was undertaken 
following the methods suggested by Lindquist 
(7). Consider, first, the influence of the treat- 
ment conditions on each period of delay, as 
shown in Table 3. For these purposes, let us 
consider the treatment conditions of hypo- 
thyroidism, hyperthyroidism, and normality 
as representing, roughly, the two extremes and 
the middle portion of a rate of metabolism 
continuum. The mean trials required by each 
group to reverse the habit after delays of 7 
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and 14 days appear to manifest different » 
trends. There appears to be no effect of the 
metabolic level upon habit reversal at delay 1. 
An F test for the simple effects of metabolic 
level at delay 1 was not significant. At delay 7 
the metabolic level appears to be positively 
related to ability to reverse the habit, whereas 
at delay 14 the metabolic level definitely 
appears to have a negative relationship with 
the habit reversal ability. The F tests°of the 
simple effects of metabolic level at delays 7 
and 14 were significant. The / tests showed | 
the mean reversal trials of the Hyper; group 
differed significantly from the means of both 
the Hypo; and Control; groups. All differences 
between the mean reversal trials at delay 14 
were significant. Highly significant inter- 
actions were obtained between treatment 
conditions and delay conditions at delays 1 
and 14 and at delays 7 and 14. This indicates 
that the trend of the means of the deed 
14 groups differs significantly from those o 
the delay 1 and delay 7 groups. 

A departure from the trend of the mean 
reversal trials occurs in the delay 7 group? . 
The difference between the means of the Hyp0" 
and Control; groups was not significant. 
was not even in the expected direction to be 
consistent with the suggestion of a positive 
relationship between metabolic level an 
ability to reverse the habit. For this reaso!» 
the suggested trend of the means of the delay 
7 groups is considered to be tentative. 

Considering now the influence of delay 
upon each treatment condition, only 0n* 
trend appears to be significant, that of th? 
mean reversal trials of the Hyper groups. 

F ratio of the simple effects of delay on the 
Hypo and Control groups failed to reac! 
significance. Comparison of the means of ei 
Hyper groups by ¢ tests showed that th 
Hyper, group differed very significant 
from both the Hyper; and Hyper; group? 
but that the Hyper, group did not difió 
significantly from the Hyper; group. In add" 
tion, it was found that the Hyper grouP 
showed significant interactions with both 
Hypo and Control groups, while the Hyp? 
and Control groups interacted only by chanci ; 
This supports the contention of a significant y 
different trend in the means of, the Hype 
groups from those of either the Hypo or Co 
trol groups. 
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DISCUSSION 
Body Weight 


The weight records clearly indicate that 
the treatment conditions influenced the growth 
tate of the experimental groups. The retarded 
Stowth following feeding of thiouracil to 
be bercent rats is consistent with Scow’s 
ndings (9) and with other work currently 
i amied out in this laboratory. However, 
4 retarded growth accompanying injections 

Crystalline thyroxine is contrary to the 

dings of other investigators (2, 4). Hammett 
as suggested that growth change result- 
F m excessive amounts of thyroid hormone 
Sire Hon of the size of the dose used; 
anabolic small doses tend to enhance the 
thus e process over the catabolic process, 
wheres ae growth rate beyond normal, 
d red arge doses cause the catabolic process 

jn ominate, resulting ina decrement in 
mS es rate. Since the size of the injections 
large " the present experiment was relatively 
group 5 retarded growth of the hyperthyroid 
Hammer preted as lending support to 

S hypothesis. ; 


Original Learning 


Analysi ‘ : 
tria] alysis of variance applied to both the 


ing f 


significa error scores failed to show any 
Bland apne between the Hypo, Con- 


ess disc “yper groups in learning the bright- 
t Timination problem. The fact that 
the wDothyroid animals did not differ from 
Rockw T animals is in agreement with 
tion 4. eil's results using the Yerkes discrimina- 
(9), oe aratus, but contrary to those of Scow 
Prob] 9 used a ten-choice serial discrimination 
ieren * One possible explanation of the 
the ay between these studies is based on 
ani ae of discrimination required of the 
brig a and in Rockwell’s study a 
requi IScrimination was learned, whereas 

Te ĉnimals d a pattern discrimination of 
we altern orizontal versus vertical stripes). 
On in ees seem worthy of investiga- 
hyp i i Epas On (a), the difference in 
Othyroj dis the tasks, and (b) the effect of 
Sho, RENE upon the neurological mech- 
bags that ch by Lashley and Frank (6) 
ern discri € striate cortex is essential for 
mination, whereas lower centers 


may mediate brightness discrimination as 
well as the striate cortex (5). It seems quite 
possible that metabolic alterations, like many 
drugs, may produce a profound change in 
cortical functioning before the lower brain 
centers are affected. 


Habit Reversal 


Rockwell found that hypothyroid rats re- 
versed a previously learned problem more 
readily than normal rats. He did not specify 
after what period habit reversal took place. 
Our results confirm Rockwell’s only if it is 
assumed that he used a delay of 14 days. This 
seems unlikely. 

The trends of the data suggested by analysis 
of the simple effects in the highly significant 
interaction of treatment and delay were not 
anticipated. It would be worth while to sub- 
ject these to more extensive investigation 
using smaller gradations of metabolism and 


delay. 
SUMMARY AND CONCLUSIONS 


Immature rats were subjected to a regime 
of either thyroxine injections or a thiouracil 
diet to determine the effects of the consequent 
hyperthyroid and hypothyroid states upon 
learning of a brightness discrimination and 
its reversal after 1, 7, and 14 days. The hyper- 
thyroid, control, and hypothyroid groups, 
containing 20 animals each, were trained in a 
single-unit water T maze. 

1. In original learning the analysis of vari- 
ance for both trial and error scores of the three 
groups fell just short of significance at the 5 
per cent level. There was a marked tendency 
for both experimental groups to be inferior 
to the control group. 

2. With respect to habit reversal, the treat- 
ment and delay conditions had significant 
effects upon the trial scores. Treatment and 
delay interacted significantly. Analysis of the 
interaction suggests three trends in the mean 
trial scores: (a) a positive relationship between 
metabolic activity and ability to reverse the 
habit after 7 days’ delay, (b) a negative 
relationship between metabolic activity and 
ability to reverse the habit after a 14-day 
delay, and (c) a negative relationship between 
delay and habit reversal ability in the Hyper 


groups. 
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THE EFFECT OF PROTEIN DEFICIENCY ON MAZE PERFORMANCE OF 
DOMESTIC NORWAY RATS 


E WILLIAM J. GRIFFITHS, 


JR. anv R. J. SENTER! 


a University of Mississippi 


. 
us Anderson and Smith (1) reported 
Whether ts of a study designed to determine 
locis inadequate nutrition would affect 
White S memory, and habit formation in the 
aA e sean were taught a maze habit 
each, On lvided into three groups of 18 rats 
eing oe poup was qualitatively stunted by 
E on a low protein diet for 28 days; 
normal st xa was fed reduced rations of 
0 itech diet; a third group was composed 
mal Sock maintained on full rations of nor- 
original diet. The rate of relearning the 
Was jo m and of learning a similar maze 
Practice t] measured. On completion of this 
trol diet ne stunted groups were fed the con- 
Second 4 aM grew rapidly ior 20 days. A 
Althoy ‘eel period was then instituted. 
Was oie. ^ statistical treatment of the data 
Vie Mum ; Anderson and Smith stated that 
normally d rats are superior to rats grown 
de n relearning a maze" (1 p. 357). 
rats Eu Peake (2) maintained a group 
Prior to à protein-deficient diet for 30 days 
lem, Subjection to a discrimination prob- 
anima, Ble investigators found that deprived 
bla, S ‘earned to choose the black side of a 
the oe disc with great efficiency when 
Ruc €in-rich goal was on that side. 
limina (4), using adequate precautions to 
Stunted differential hunger drives between 
Whose p normal rats, found that animals 
the a "ed weights were held constant from 
Adequate dua days by a quantitatively in- 
Maze me let, learned an escape-from-water 
Wer unge, ee than rats whose diets 
" lie Se a or only slightly restricted. 
fe whet} nt study was*undertaken to deter- 
ie jets — the use of balanced and protein- 
ag ance E goals would affect the maze per- 
Ulthoo a dis teard from weaning to 
A Dort, up Hirt 
University 9L this study is on file in the library of 
i Mississippi as partial fulfillment of 


Or auth z 
of Arts, r's requirements for the degree of 


a 
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PROCEDURE 


Forty inbred albino and hooded rats, 19 males and 
21 females, weaned at 21 days of age, served as Ss in 
this study. At the time of weaning the animals were 
divided into two groups of 20 rats each. Group C was 
maintained from weaning time until adulthood on 
standard McCollum stock diet, which consists per 1000 
gm. of diet of the following: graham flour, 725 gm.; 
skim milk powder, 100 gm.; casein, 100 gm.; calcium 
lactate, 15 gm.; sodium chloride, 10 gm.; and butter 
fat, 50 gm. Littermates, group E, were fed a protein- 
free diet of the following composition: cornstarch, 70 
per cent; cellulose, 15 per cent; vegetable oil, 10 percent; 
salt mixture U.S.P. No. 14, 4 per cent; cod-liver oil, 
1 per cent? Brewer’s yeast supplemented the diet of 
group E. 

A standard commercially constructed Warner- 
Warden metal multiple-Y maze was used to test the 
effects of the foregoing diets on maze performance. 
This device was approximately 10 ft. long from start to 
goal box and contained ten cul-de-sacs. The pattern of 
turns employed with the maze was RLLRRLLRLR. 
Frequent changing of the heavy brown laundry paper 
on which the maze was placed reduced olfactory cues. 

After one week of maze familiarization a second 
division of the Ss was accomplished on the basis of the 
goal object or incentive to be employed on the maze 
problem. Ten rats in group C were run to standard 
McCollum diet, while the remaining ten animals in the 
group were provided with protein-free diet as goal 
object. A similar division was carried out with group E. 
The letters B (balanced diet) and D (deficient diet) 
were used to indicate the goal object to which the Ss 
were running on the maze. Thus, the groups were desig- 
nated ED, EB, CD, and CB. 

All rats were placed on the maze following approxi- 
mately 22 hr. of food deprivation. The animals were 
given 3 trials daily for a period of ten days, a total of 
30 trials for each S. The rats were permitted to eat in 
the goal box for 15 sec. following completion of each 
trial. Following completion of a series of trials in any 
given session the Ss were returned to their home cages 
and allowed access to their accustomed diets for 2 hr. 

The number of errors was recorded as a measure of 
maze performance. An error was counted each time an 
animal entered a cul-de-sac, or returned toward the 
goal box for a distance of one body length. 


RESULTS 
Subnormal growth of the experimental 
animals as a result of the protein-free diet 


2 This diet was obtained from the Nutritional Bio- 
chemical Corp., Cleveland, Ohio. 
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TABLE 1 


Summary of the Analysis of Variance for the Four 
Groups of Rats 


SOURCE OF VARIATION df AREAS F 
1 1.3 
nes 1 UT E MiS 
(Cells)- 
Goals X Diets 1 4.6 4.18** 
Residual 36 1.1 
"Total 39 


* Significant at .01 level. 
** Significant at .05 level. 


TABLE 2 
Observed Mean Difference and £ Scores Obtained 
between Groups with Errors Used as Criteria 
of Maze Performance 


GROUPS ÀMi-Mà es 
EB-CB —2.01 4.19 
EB-ED —1.03 2.53 
EB-CD —1.68 4.23 
ED-CD —0.65 1.46 
CB-CD —0.33 1.35 
CB-ED +0.98 edt 


* Values of / necessary for significance: .01 level, 2.878; .05 
level, 2.101; df = 18. 


was evident. At the time of weaning the aver- 
age body weight of the controls was only 
0.6 gm. greater than that of the experimentals. 
After 70 days on their respective diets the 
weights of the animals in the control group 
averaged 144.0 gm. in contrast to a mean 
weight of 56.6 gm. for the experimental group. 

Table 1 gives the over-all summary of the 
analysis of variance for the four groups of 
Ss used in the study. The goals X diets inter- 
action variance proved significant at the .05 
level of confidence with 1 and 36 df, respec- 
tively. The portion of the between-groups 
variance due to diets proved significant well 
beyond the .01 level of confidence. These 
results justified use of the / test for the analysis 
of simple effects. 

Table 2 shows the results of the foregoing 
analysis when errors were used as the criteria 
for maze performance. Group EB (experi- 
mental rats run to a balanced diet) made 


significantly fewer errors than groups CB, 
ED, or CD. 


DISCUSSION 


The results of this experiment have indi- 
cated that the organic state of the Ss relative 
to the qualitative characteristics of the goal 
object is reflected in maze performance. „The 
fact that rats maintained on a. protein-free 
diet performed better on a maze when the 
goal consisted of a balanced diet ir:comparison 
with littermates maintained on the same diet 
but running the maze to a protein-deficient 
goal would substantiate this statement. E. 
finding is of particular interest in the light o 
the conclusions presented by Anderson and 
Smith (1) and Ruch (4). It will be recalled 
that the former investigators stressed the 
stunting which resulted from qualitative and 
quantitative dietary deficiencies in their 55 
as the etiological factor in the superior maze 
performance of the experimentals over the 
controls. Ruch (4), on theother hand, hypoth- 
esized a higher activity level in the stunte 
animals to account for his results. The present 
study group ED (experimentals run to a pro- 
tein-deficient diet) was stunted equally 2° 
much as group EB (experimentals run to ? 
balanced diet), yet the latter group was supe 
rior to the former in maze performance. It 9 
assumed that Anderson and Smith (1) use 
a balanced diet as a goal object with the! 
Ss; hence, it would seem that these invest 
gators might have stressed the qualitativ? 
nature of the goal object rather than the 
stunting factor, at least relative to the superio! 
maze performance of their qualitatively o 
ficient rats. The motivation factor per 2d 
might have been involved in the results © 
tained with their quantitatively deficient rid 

The results of the present study appear t 
be amenable to interpretation within t” 
framework of the concept of homeostasis. , n 
all the groups used, only EB Ss, in a conditi 
of imbalances ‘due to deprivation prior i 
maze running, or to protein deficiency, coU n 
approach adjustment through consumpti, 
of the balanced diet used as the goal objec” 
It is, of course, recognized that the quantit A 
tive deficiency resulting from food deprivat? | 
prior to maze running may have had differ?" 
tial effects on the stunted and normal anima" 
and thus might have been a factor complic^. 
ing the interpretation of the results. Howe?” 
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mr to further work designed to control this 
actor, we are inclined to emphasize the quali- 
gue nature of the goal object relative to 
organic state of the Ss as the factor re- 
Sponsible for the superior performance of group 
si a anp ED, for instance, might be con- 
M is ET ied under the “double drive" 
quiam €privation and protein deficiency. 
it would performance was inferior to EB's, 
"two Ero Du the possible existence of 
Plain the 1s not sufficient, alone, to ex- 
niue Cono of group EB unless the 
considered, nature of the goal object is 
" qais investigation has suggested a technique 
a d prove of value for future work on 
ing 4 E performance of rats. Animals acquir- 
complete i habit would be maintained on 
ter's (3 letary self-selection utilizing Rich- 
choices igue for presenting the dietary 
` Their selections, quantitatively and 
uring would be studied prior to, 
habj » n following mastery of the maze 
Patterns Pee work might be done on 
the ma, 9 diet selection during extinction of 
€ habit. 


SUMMARY AND CONCLUSIONS 


int » domestic Norway rats were divided 
Was fed &roups of 20 animals each; one group 
Brewer à protein-free diet supplemented with 
age, The yeast from weaning until 60 days of 
lum st x Other group was fed standard McCol- 

Ock diet for the same period of time. 


One-half the animals in each group were 
run 30 trials on a standard Warner-Warden 
maze with McCollum diet as the goal object. 
The remaining animals ran the same number 
of trials on the Warner-Warden maze with 
protein-free diet as the goal object. It was 
found that protein-deficient animals running 
the maze to a balanced diet made significantly 
fewer errors than any other group. 

The hypothesis was offered that the quali- 
tative aspect of the goal object relative to 
the organic condition of the Ss was the factor 
responsible for the above finding. 

A methodological technique involving the 
the use of self-selection of diet in relation to 
maze learning with rats was suggested for 
future experimentation. 
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EFFECT OF DIFFERENTIAL QUANTITY OF REWARD ON ACQUISITION AND 
PERFORMANCE OF A MAZE HABIT 


WINIFRED B. MAHER axb DELOS D. WICKENS 
Ohio State University 


The study reported here was designed to 
investigate the problem of effect of variation 
in quantity of reward upon the acquisition of 
the maze habit by the laboratory rat. Specifi- 
cally, the experiment attempts to test the 
assumption that, with quality of reward re- 
maining constant, the magnitude of an incre- 
ment of habit strength per reinforcement is a 
function of the quantity of the reinforcing 
agent employed per reinforcement. 

Previous experimentation, e.g, Gantt’s 
classical study of the conditioned salivary 
response in the dog (1) and Grindley’s study 
of the running time of chicks on a straightaway 
(2), appears to support the hypothesis that 
with increasing magnitude of reward there is 
increasing efficiency of performance in the learn- 
ing situation. This work has been submitted to 
a critical analysis by Reynolds (4, 5, 6), who, 
on the basis of his own research, concludes 
that the positive relationship between rate of 
acquisition of a response and amount of re- 
inforcement is limited to those responses 
which are replications of the final consum- 
matory response. Beyond this it must be 
noted that these studies do not demonstrate 
whether the effect of increasing quantity of 
reward is upon the learning, or acquisition 
proper, of the habit or whether the effect is 
merely upon performance of that habit. In 
other words, we may raise the following query: 
Does the magnitude of the increment of habit 
strength vary directly with the increasing 
quantity of reward, or does increasing quan- 
tity of reward influence the amount of action 
potential (to use Hull’s term) evoked during 
the learning trials? It is possible that the 
animal receiving a larger reward has learned 
no more than the animal receiving a lesser 
reward, but is, rather, utilizing more effi- 
ciently what has been learned during the 
training trials, 

Examination solely of scores made during 
the learning trials does not allow one to deter- 
mine whether obtained differences in quality 


t 
of performance evidenced by two differen- 
tially rewarded groups of animals are a func- | 
tion of (a) greater acquisition of the habit by 
one group or (b) more efficient utilization of 
that habit. This, of course, follows from the 
fact that in a given situation We are able to | 
infer the process of acquisition only from : 
performance scores in that situation. 

A solution to this difficulty can be achieved 
through the use of an experimental desig? 
involving transfer of training or, specifically; 
relearning of the original problem in the samê 
external experimental situation but with 8 
new drive state and corresponding new rele- 
vant reward. If we take the case when differ- 
ences in the performance scores of two group’ } 
of animals receiving different quantities 0^ - 
reward during the learning trials are obtained; 
and if, after a suitable retention interval, thé 
animals are placed again in the original learn 
ing situation but now under a different drive 
and with all animals receiving equal quant 
ties of the relevant reward, then any differ" 
ences persisting in the performance of the 
animals in the second situation may be at 
tributed to differences in the efficacy of a€ 
quisition of the habit in the original situatio”: 
On the other hand, if the differences in th? 
original performance do not persist, it appear? 
feasible to attribute those original difference? 
to variation in the utilization of the habi 
during the initial learning rather than E 
differences in acquisition per se. Relearnim? 
under a different drive state is necessitate 
in that, if the original drive state were mai?” 
tained with the relevant reward equated, th 
experimental results could be confound 
with the effect of raising the amount of rewa 
for the originally lesser groups and lowering ? 
for the originally greater rewarded groups: 


METHOD 
Subjects and Apparatus 


i u 
The Ss were 40 naive albino and hooded rats de / 
the colony at Ohio State University. The appa? 


a 
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used i; i 
re body of the experiment consisted of a 
die cont multiple-T maze. At four equidistant 
ad Lom S there was a door which was dropped 
Ei P dedo order to decrease the amount of time 
rois "s ing. These were operated remotely by E 
482 the use of strings attached to the doors. 


Procedure + 


Prelrainin 

diga eining The first problem encountered in the 
is that of dere to meet the above specifications 
capablé of dig ene or not the Ss are in fact 
ies of oe inguishing between the different quanti- 
Step of this deeem the study. Accordingly, the initial 
Simple single Den involved pretraining Ss on a 
Whether or =e :oice T maze in order to ascertain 
ae es animals would choose the larger of 
Available. The S used if both quantities were equally 
With Water s Ss were put on a 22-hr. hunger drive 
Mental be aile at all times outside the experi- 
Session, Ss 3 ion. Following the daily experimental 
Teward RUNE placed in a feeding cage for 1 hr. The 
quantity or nested of small rabbit pellets, the smaller 
arger as fi eward being defined as one pellet and the 
the goal b ve pellets, The larger reward was placed in 
Teward Satie the end of one arm of the T, the smaller 
Of the T he goal box at the end of the opposite arm 
lowed to m ke S was placed at the starting point, al- 
e the NS € a choice, and subsequently allowed to 
Our Conse, ard Corresponding to the side chosen. After 
the five. ete choices to the same goal box (either to 
Opposite sid to the one-pellet side), S was forced to the 
Choice poi € four times by means of a block set at the 
allowed A After four forced trials, S was again 
choices apes free choices until four consecutive 
E ach s SERATA to one side. This procedure ensured 
f Ith p vould have approximately equal experience 
(QUMing of luantities of reward, and it prevented con- 
Tlals Were the results with position habits. Four daily 
7 P ine with approximately 10 min. elapsing 
En d wo trials for a given S. The criterion of 
is utive rs Situation was defined as 19 out of 20 
ae nized ae choices to the five-pellet side. It will be 
ae va at after every four consecutive correct 
wd an s forced to the one-pellet side four times, 
36 Pellet sid Teaching criterion had been forced to the 
tim ched the à minimum of 16 times. Of the 40 rats, 
Satis training pas don by the sixty-fifth trial, at which 
Pell fieq ES s discontinued for all rats. The E was 
Ft reward ae were capable of choosing the five- 

49 rae ning, In sinners to the one-pellet reward. 
ofa tS were divid € second portion of the experiment the 
form Combinati ed into two groups of 20 each by means 
ance ; n of the split-litter technique and per- 
ive. € pretraining period. Still on a 22-hr. 
Tey Dle-T ma S were trained in the Stone 14-unit 
td Upon d One group receiving a one-pellet 
Biven Toup nu de of a run through the maze, the 
mi? Ne trial e a five-pellet reward. The Ss were 
Const in the y. Each S was allowed approximately 
the je five E box (which was sufficient for S to 
Nats Wine cage ae of food) and was then replaced in 
Te Place, Jne-half hour after the daily trial, the 
In a feeding cage and allowed to eat for 


TABLE 1 
Values of ¢ between Mean Tim 

: k e and Mean Err 
Scores of the Two Differentially Rewarded Groups. 


TRIALS $ FOR MEAN ERRORS $ FOR MEAN TIME 
Original learning 
4T5 0.396 0.072 
9+ 10 0.134 1.957 
14 + 15 0.712 1.697 
19 4- 20 0.269 2.186* 
Relearning 
1 0.741 0.758 
2 0.256 1.270 
3 0.625 0.029 
4 0.438 0.252 
5 0.000 0.431 


* Significant at the .05 level of confidence. 


1 hr. Measures were taken of time and errors on each 


trial. 

Transfer. After 20 trials, training was discontinued 
for a period of two and one-half months. At the end of 
this interval, all Ss were placed on a 22-hr. thirst drive. 
Each S was given three trials, one per day, on a straight- 
away leading to a goal box containing a water bottle. 
The S was allowed to remain in the goal box until it 
discovered and drank from the water bottle. After this 
familiarization with drinking in the goal box, Ss were 
returned to the multiple-T maze and given one trial 
per day for five days, this time receiving a water 
reward. Each S was allowed to remain in the goal box 
until it had stopped drinking, when it was removed and 
placed in the home cage. Half an hour after the daily 
trial Ss were given access to a water bottle for a 1-hr. 
period. Time and error scores were taken on each trial. 


RESULTS 


The time and error scores of each S on 
trials 4 plus 5, 9 plus 10, 14 plus 15, and 19 
plus 20 were determined and the ¢ test of 
significance applied to determine if the differ- 
ences between the two groups at each of these 
four points on their respective learning curves 
were larger than those which might have been 
expected on a chance basis. The ¢ test was 
also applied to the mean error and time scores 
made by the two groups on each of the five 
relearning trials. 

During the initial learning trials, no sig- 
nificant differences in mean errors made by 
the two groups were found, the largest of the 
four /’s not exceeding the .4 level of confidence. 
However, later in the learning trials, especially 
on the combined trials 19 and 20, a difference 
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was found in the mean time scores which was 
significant at the 5 per cent level. Although 
this could be a chance difference, it might also 
be predicted from Hull’s theory (3). He as- 
sumes that the differential influence of amount 
of reward, operating through 7,, would require 
a number of trials before its effect would be 
manifested throughout the entire maze. 

No significant differences were found in 
either mean error or mean time scores of the 
two groups on any of the five relearning trials. 


CONCLUSIONS 


The results of this experiment indicate that 
although by the twentieth trial there was a 
significant difference in running time favoring 
the group receiving the larger reward, there 
were no significant differences in mean number 
of errors. Insofar as error scores were not 
found to be a decreasing function of amount 
of reward, these data do not support the 
hypothesis that quantity of reward influences 
growth of habit strength per se. Further, the 
findings that any differences in time scores 
made by the two groups disappeared when Ss 
were returned to the original learning situation 
under a different drive state with quantity of 
reward equalized, tends to support the con- 
tention that quantity of reward does not 
affect acquisition of the habit but, rather, 
affects utilization or action potential of that 
habit. 


SUMMARY 


1. Forty albino and hooded rats were 
trained to differentiate between a one- and a 
five-pellet reward placed on the ends of op- 
posite arms of a single-choice T maze. 

2. After the S had reached criterion or had 
had 65 trials, it was placed in one of two 
differentially rewarded groups and given 20 
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trials, one per day, in a Stone 14-unit multiple- 
T maze. Both groups were on a 22-hr. hunger 
drive. 

3. Two and one-half months following the 
twentieth trial, Ss were placed on a 22-hr. 
thirst drive, familiarized with drinking in 4 
goal box, and then were given five relearning 
trials in the multiple- T maze. AIL.Ss remained 
in the goal box until they had finished drinking: 

4. No significant differences between, mean 
error scores were found in the original learning 
situation. By trial 20, there were significant 
differences between the two groups in terms of 
mean running time, favoring the group receiv- 
ing the greater reward. , 

5. No significant differences were found in 
either mean errors or mean time scores of the 
two groups during the five relearning trials. 

6. These data do not support the hypothesis 
that quantity of reward affects the acquisition 
of a habit per se, but may be interpreted a5 
suggesting that the quantity of reward in- 
fluences action potential or utilization of the 
habit. 
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FORT AND RESISTANCE TO EXTINCTION OF THE BAR-PRESSING RESPONSE 
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ore eee of Ip was postulated by Hull 
uae atc'lesser amounts of work or energy 
cu M to the inhibition of such molar 
ae tendencies ES locomotion, “right 
oa bar pressing. As such, it offers a 
a theoretical tool in accounting for 
ion, oe recovery, experimental extinc- 
infra ia omer allied inhibitory phenomena in 
effector i experimental situations where 
otherwise AUS si or fatigue would not 
, "IS€ be considered a relevant variable. 
relations evidence for the existence of a 
and the xd between lesser amounts of work 
is aed of the inhibition generated 
CCeptan ely tentative despite its common 
Ee and frequent use. Solomon (6), in 
: ET the literature, has criticized most 
aml studies for failure to control 
ard on variables as delay of rein- 
"à EAM strength, and complexity of 
y (4) involved. The Mowrer and Jones 
D which Hull offers as "convincing 

(2, p. 279) and upon which he 

€ quantification of the relationship of 
expenditure to the accumulation of 
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Ments in a far greater number of reinforce- 
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Cong, AT requiring less effort to push. As a 
alte cR the results of the study offer an 
Dtaine lve interpretation, namely, that the 
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its, ength of the different bar-pressing 
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Michigan State College 


but if trained upon light bars, they have difi- 
culty in pushing heavier bars. The function 
obtained in the Applezweig study would seem 
to result primarily from this fact since the 
data from one-half the Ss, ie. those 
switched to heavier weights during extinction, 
show resistance to extinction to be a function 
of increasing amounts of effort required dur- 
ing extinction and of the magnitude of that 
change in bar weights. The other half, i.e., 
those switched to lighter weights, showed 
little or no such relationship. 

All the more recent studies attempting to 
demonstrate the existence of a relationship 
between lesser amounts of effort and the in- 
hibition of a molar response tendency in bar- 
pressing situations are open to alternative 
interpretation. because the results are con- 
founded by such uncontrolled variables as 
number of reinforcements (4, 6), complexity 
of the task to be learned (1, 3, 4), and delay 
of reinforcement (4, 7). 

One additional factor which may confound 
a comparison of the effect of different amounts 
of effort upon resistance to extinction in ex- 
periments involving the bar-pressing response 
(1, 3, 4) is that of the contribution of the 
operant level of a given bar weight to the 
measures of resistance to extinction. The 
lighter weight bar during extinction could 
allow more for an indiscriminate recording of 
tangential responses (aggression, operant 
level, random exploratory behavior) than 
heavier bars. The interaction of this factor 
would tend to produce differences in the 
direction hypothesized by Hull and obtained 
by other investigators. 

The purpose of this study is to determine 
the relationship between lesser amounts of 
effort and the resistance to extinction of the 
molar bar-pressing response while controlling 
for habit strength, delay of reinforcement 
and operant level. E 
7 The results of the present study should 
indicate whether work is a relevant variable 
in the extinction of a molar response (2, p. 279) 
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and, as a result, suggest the relationship be- 
tween effort and the accumulation of 7; 
(2, p. 280). 


METHOD 


Apparatus. The apparatus employed was a modified 
Skinner box. The plywood floor, the back, and the re- 
movable 14-in. hardware-cloth cage-like top werepainted 
flat gray. The cage was 12 in. deep, 914 in. wide at the 
back, and 13 in. high at the back (inside dimensions). 
An aluminum bar, approximately 14 in. thick and 2$ 
in. wide, protruded 2 in. into the cage from the center 
of the plywood back at a height of 3 in. from the floor. 
The bar could be weighted to require an effort of 5 gm., 
40 gm., and 80 gm., and an excursion of 5g in. was 
necessary to activate an automatic feeding mechanism. 
The food tray was located on the floor, 2 in. to the right 
of the bar. A standard water tube protruded through 
the wire screen to the right of the food dish, making 
water available throughout the entire experiment. 

Subjects. Forty-two female albino rats and 12 female 
hooded rats, 90 to 150 days old, from the colony main- 
tained by the Psychology Animal Laboratory at 
Michigan State College were used. Thirty albino rats 
were employed in the main experiment, while 12 albino 
and 12 hooded rats were used in the subexperiment 
concerning operant level. 

Preliminary training. Untamed Ss were kept on a 
reduced diet of 9 gm. of Purina Dog Checkers in their 
home cages for a period of 5 to 7 days, and on the day 
prior to the experiment they were individually fed 6 
gm. of Checkers. Approximately 23 to 25 hr. later, Ss 
were placed in the Skinner box for the major part of the 
experiment. 

To habituate the 30 Ss used in the main experiment, 
two Calf Manna pellets weighing approximately 0.05 
gm. each were placed in the food tray. This type of 
pellet was subsequently employed as reward for the bar- 
pressing response. After eating the pellets, Ss were 
manually supplied ten additional pellets by E to as- 
sociate the audible activation of the feeding mechanism 
with the release of food. Whenever possible, Ss were 
allowed to secure pellets unaided. During this phase the 
bar was weighted to require a 5-gm. effort to activate 
the feeding mechanism. At the end of the 10 trials, 
when all Ss were responding without the aid of E, 15 
additional free trials were given. The bar-weighting was 
then shifted to require an effort of 40 gm. to activate 
the feeding mechanism. All Ss received 25 additional 
trials under this condition, being aided on the first two 
or three trials if necessary. Partial responses, hence 
partial reinforcement, were eliminated by this pro- 
cedure. At the end of this preliminary training, all Ss 
had achieved a stable though not maximal rate of 
responding to the bar weighted for a 40-gm. effort. 

Throughout the entire experiment, the food-releas- 
ing mechanism was activated 1 sec. after the bar was 
returned to its normal position. This factor was intro- 
duced in order to control for any differential delay of 
reinforcement due to response differences in method of 
pushing the variously weighted bars. 

Experimental design. Following the preliminary 
training, the weight-loading on the bar was shifted to 
one of three weights. Ten Ss were shifted to the 5-gm. 
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loading, ten to an 80-gm. loading, and ten remained on 
the 40-gm. loading. All Ss then received 25 reinforce- 
ments under their respective conditions. The 80-gm. 
group was aided for the first two or three trials to effect ' 
smooth transition to the new loading. Prior to shifting 
to the experimental conditions, an effort was made to 
equate the three groups for response rate, and thus the 
placement of Ss into their respective groups was not 
random in the final stages of the research. Three animals 
in each group received 25 additional reinfjrcements, or 
a total of 50, under their respective conditions prior to 
extinction, but since no differences were found yetween 
these Ss and the others, their scores were combined for 
the purpose of statistical analysis. This differential 
treatment was employed to determine the equivalence 
of the three habit asymptotes. E 

Upon completion of this additional training, each 
group was immediately extinguished under its respective 
bar loadings by omitting food from the feeding mecha- 
nism. Extinction was continued for all Ss until all meas- 
ures of extinction were met. These were a 5-min. and 2 
10-min. no-response criterion, and a 30-min. and a 60- 
min. period of free responding. . 

All Ss were untouched by E throughout the entire 
experiment; preliminary training and extinction were 
one continual process lasting 2 to 4 hr. All bar depres- 
sions were automatically recorded on a constant-spee 
polygraph located in another part of the room. Tem- 
perature, illumination, and extraneous visual stimuli 
were relatively constant. 

The subexperiment concerned the sensitivity of the 
different bar loadings in recording unlearned and un- 
rewarded bar depressions (operant level). After the 
deprivation schedule described above, S was place 
for the first time in the Skinner box for a 30-m!P- 
period. No food was present nor were responses Tê- 
warded, although the feeding mechanism was activate 
1 sec. after bar depression and release. Water was COP" 
tinually present. Operant levels were recorded for three 
groups employing the three bar weightings used abov® 
Each group was comprised of four albino rats and four 
hooded rats. Littermates were equally distributed. N° 
noticeable differences between albino and hooded strains 
or between litters were observed, and the data were 
combined for statistical analysis. 


RESULTS 


Habit strength for the three groups prior 


to extinction was measured in terms of th? 
time required to obtain the last ten rewa” 
in the training period. The mean time require 
to obtain the last ten rewards was 4 mW" 
56 sec., 4 min. 57 sec., and 4 min. 42 sec- fot 
the 5-gm., 40-gm., and 80-gm. groups, /€ 
spectively. Nearly perfect control for th 
variable was obtained, the £s ranging Íro 
.042 to .267 with 18 df. 4 
Four criteria were used to determine 1° 
sistance to extinction. They were: the num 
of responses obtained during 30 min. 9? 
60 min. of free responding during extincti"; 
and the number of responses to a 5-min. 2? 
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Consequence, to the accumulation of In 
(2, p. 219). The data obtained by Mowrer and 
Jones (4) in a comparable situation may be 
attributed to the differences in habit strength 
produced by their preliminary training 
Schedule. Even disregarding the differential 
rates of responding, which occurred at the 
outset of extinction in the Mowrer and Jones 
study, we find that parallel extinction curves 
ensued. If different amounts of work or energy 
expenditure do result in differential rates of 
accumulation of inhibition, then diverging 
extinction curves should be expected. 

The Mowrer and Jones study, far from 
being convincing evidence of a relationship 
between work and the accumulation of Jp 
would seem to support the lack of relationship 
found in the present study. Even the second 
part of the Mowrer and Jones study contra- 
dicts predictions presumably confirmed in 
the first part. 

Conflicting results of a similar nature were 
reported by Montgomery (3). When the 
Applezweig data (1) are broken down into 
groups that correspond to the present study, 
ie. to Ss extinguished upon the same bar 
weights that they were trained upon, the 
results are similar to the results found in the 
present study. 

It is concluded, in light of the present study 
and available literature, that explanations of 
extinction phenomena based upon the effects 
of lesser amounts of work, such as might be 
encountered in Skinner boxes, T mazes, and 
other common learning situations, are ques- 
tionable and contingent upon further research 


in this area. 


SUMMARY 


The purpose of this study was to evaluate 
the effect of differential amounts of work on 
the resistance to extinction of a molar response. 
Thirty Ss were given identical preliminary 
training in a Skinner-box situation. Three 
groups were then trained to an equal habit, 
each being required to depress a weighted 
bar of 5, 40, or 80 gm., respectively. Extinc- 
tion trials under the same bar weightings as 
employed in training followed immediately. 
Resistance to extinction as a function of the 
amount of effort was determined by using 
four different criteria. Analysis of the results 
showed no relationship between the amount 
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of effort required to make a response and the 
resistance to extinction of that response. 
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Reinforcement of an operant generates a 
Num to respond when reinforcement is 
a forthcoming. The number of 
fm emitted following the cessation of 
the E eom is the resistance to extinction of 
Cae ponse ( 7). One parameter of resistance 

xünction is the schedule of reinforcement. 

is I e Schedule characteristically results 
Er. extinction responses than does regular 
Ee n dh Operationally the difference 
Teinfor these schedules is this: Under regular 
is hi eee every occurrence of the response 
perio ded by the reinforcing stimulus. Under 
bius reinforcement the first response that 
ime i after the lapse of a specified interval of 
the Ma nforce. Since Skinner first noted 
these ^ erences during extinction following 
m m Schedules (10), numerous studies 
infora owed (for a current review of periodic 
Searche pean _ see 5). However, these re- 

e peri p investigated a limited range of 

oren ^ lo-reinforcement (PR) interval. J. J. 

in, à ad aL) using intervals from .5 to 12 
the qu 90 reinforcements, have shown that 
and p ction relating resistance to extinction 
and 3 Anterval has a maximum between 1 
for pa This function may be incomplete 

atamet reasons. First, it may have as a 
: Deriodi. that changes its shape the number 
it X lc reinforcements received. Secondly, 
Btoup Gott contain a regular reinforcement 
With A Which may be considered as a group 
Preseny o PR interval). Experiment I of the 
*Sistancs Uy was designed to investigate 
inter, to extinction as a function of the 
(Which val over the range of 0 to 6 min. 
ab encompasses thé maximum described 
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Skinner (10) has investigated rate of 
responding as a function of the PR interval. 
Over the interval range of 3 to 9 min., he 
found rate to be an inverse linear function of 
the interval. Experiment I was also designed 
to permit an analysis of response rate as a 
function of the PR interval over the range of 
0 to 6 min. 

In addition, Experiment I would indicate 
the effect upon extinction-responding of the 
number of periodic reinforcements; however, 
the function relating these variables would 
contain only two extreme points for each 
interval. Since Williams (11) has shown that 
the number of regular reinforcements is a 
parameter of resistance to extinction, it seems 
reasonable that the number of periodic re- 
inforcements might also be a parameter of 
resistance to extinction. Experiment II of the 
present study was designed to investigate 
resistance to extinction as a function of the 
number of reinforcements received during 
training on a single PR interval. 


METHOD 


Subjecls 


Male albino rats of Carworth Farms stock were used 
as Ss. The animals were 90 to 110 days old when they 
were received in the laboratory; experimentation 
commenced 7 to 21 days later. During their stay in 
the laboratory, they were housed in living-experimental 
cages described elsewhere (3). Before experimentation 
they were maintained under ad libitum feeding on a 
ration composed of Purina Laboratory Chow; during 
experimentation they were fed the same food, as 
indicated in Procedure. Fresh water was available at all 
times. 

The Ss were assigned at random to 18 experimental 
groups of six rats each. Two animals died of respiratory 
infections; three animals conditioned during regular 
reinforcement but did not maintain the response during 
PR. For these reasons the N’s of five groups, to be 
noted, were reduced to five animals. 


Apparatus 


The experimental room is a lightproof, sound- 
resistant chamber built within a larger room. The 
animals were placed here during their experimental 
sessions; between sessions they were housed in the 
outside room. There are six identical experimental 
arrangements that permit training six animals simul- 
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taneously. Each arrangement consists of a lever and a 
food magazine, modified from those described in (3). 
The lever has been changed to 9$ in. in diameter to 
eliminate gnawing behavior encountered with the 
smaller one. For a bar press to close the microswitch 
and, hence, to be counted as a response, it must depress 
the lever approximately 23 mm. with a force of 12 gm. 
Since slight variations occur from lever to lever, care 
was taken to see that each animal used the same one 
throughout its experimental history. To eliminate any 
systematic group variations as a result of lever differ- 
ences one animal of each group was trained on each 
lever. The food magazine now delivers pellets rather 
than powdered food. These pellets, which are the re- 
inforcing stimuli, are molded from Purina Chow and 
necessary binding agents into 1-gr. cylindrical forms. 
Pellets are stored in a brass tube and are delivered into 
the food chute, one at a time, by the armature on the 
magazine solenoid. 

The experimental room is ventilated by an exhaust 
fan operated in conjunction with six outlets from a 
central compressed air supply. In addition to ventilating 
the room, this arrangement provides a sound screen 
that completely masks noises from the controlling 
apparatus outside. Within the room the sounds of the 
microswitches and of the magazine solenoids on re- 
inforced responses were audible. A dummy magazine, 
identical to those in use, was present during PR and 
extinction and was operated at irregular intervals four 
times per minute. This magazine was used to eliminate 
the solenoid sounds as discriminative stimuli for lever 
pressing. 

The controlling apparatus, located in a relay panel 
in the outer room, consists of a timer and relay circuit 
that performs the following operations automatically: 
(a) records all responses to the lever, (b) after the 
passage of the appropriate PR interval completes the 
magazine circuit so that the next bar press produces 
one pellet, and (c) releases the magazine circuit follow- 
ing the reinforcement. The circuit is arranged so that if 
the bar is already held down when the magazine circuit 
is completed, it must be released and pressed again 
before a pellet is delivered. All responses to the lever 
are recorded on cumulative kymographs and on con- 
stant-speed, waxed-tape polygraphs (3) and on electric 
counters. Reinforcements are recorded on the waxed 
tapes. 


Procedure 


The experimental phases were the same for all groups 
of both experiments except as noted under PR training. 
Experimental sessions for each group were held during 
the same hour on consecutive days, after establishment 
of the hunger rhythm. All animals were deprived of 
food 22 hr. at the beginning of the session and were 
permitted to eat, without restriction, for 1 hr. following 
it. 


Experimental Phases 


Feeding regimen. A procedure of 23-hr. food depriva- 
tion followed by 1 hr. of food was carried out for six 
days to establish the hunger rhythm. 


3An exact assay of the pellets may be obtained 
from the G. S. Stoddard Co., 123 East 23 Street, 
New York 10, New York. 


Operant-level delerminations. Three daily 40-min. 
periods of unconditioned bar pressing were given. To 
facilitate conditioning, 10 min. after the bars had been 
removed the following operations were performed: 
day 1, feeding approximately 5 gm. of the regular 
ration in the pellet tray under the lever; day 2, feeding 
five pellets, one at a time; and day 3, pairing the 
magazine sound with 10-pellet deliveries: 

Regular reinforcement. Tomaintain the response dur- 
ing the early stages of PR, the bar-pressing response 
was conditioned with ten regular reinforcements on 
the fourth day. p 

PR training. It has been pointed out (2, 16) that 
the PR intervals may be timed from each reinforced 
response or timed by the clock from the beginning © 
the experimental hour. In actual practice there is little 
difference between these schedules, and the mean 
interval between reinforcements, in either case, closely 
approximates the PR interval. In the present experi- 
ments the intervals were timed by the clock. Each 
experimental session began with a reinforced response 
and terminated at the end of the PR interval following 
the last reinforcement. The nature of the problem 
investigated in Experiment I introduced an uncon 
trolled variable. If the independent variable is length 
of the PR interval, it is impossible to control both num- 
ber of reinforcements and time in the experiment. Lack- 
ing experimental evidence, we felt that the number 9 
reinforcements was the more important variable, an 
this was held constant. 

Experiment I, section 1. 'This involved seven groups 
of six animals, for which the PR intervals in minutes 
and the number of reinforcements given per day were 
(minutes)-40 (reinforcements); 1—40; 14-40; 1-40; 
2-24; 4-12; and 6-10. A total of 240 reinforcements W9 
given each animal. 

Experiment I, section 2. This also involved seven 
groups of six animals. PR intervals were the same 2 
in section 1, but each animal received only 15 rein 
forcements instead of 240. These were delivered on 4 
single day except for the 6-min. group, which receive 
8 on the first day and 7 the second. The zero-minu * 
(regular reinforcement) group received only 5 d 
forcements in addition to the initial 10 received on ! d 
fourth day. An earlier experiment (forthcoming) shows, 
that 20 regular reinforcements prior to 20 reinfore 
ments under 2-min. PR were not reflected in extincti? 
responding when compared with a group receiving 
only 20 PR. This finding indicates that the extinct’, 
responses for those groups in this section receiving pe 
periodic reinforcements would not be affected by il 
preceding 10 regular reinforcements. Hov:ever, be 
liams (11) has shown a difference between 15 and es 
regular reinforcements during subsequent extincti? e 
The findings of these two experiments seem to indic? 
that a zero-interval group receiving only 5, rather th jd 
15, reinforcements in addition to the initial 10 WO", 
permit a more valid comparison with the groups 
ceiving 15 periodic reinforcements. [s 

Experiment II. It was made up of four groups o pki 
animals each. All animals were trained on 2-miT- - is; 
they received different numbers of reinforceme? e 
50, 85, 120; and 500. Reinforcements were given 25 Ew 
day except on the last day for the 85- and 120-1 eU 
forcement groups, which received 10 and 20, resp ry 
tively. Data for 15 and 240 reinforcements wer 
vided by the 2-min. groups of Experiment I. 


PERIODIC REINFORCEMENT 


a se There were five daily 50-min. periods of 
cee which the food magazines were 
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abora tor 
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Experiment I 


I^ k the interval range investigated, 
Value ded does not reach its final stable 
is Tasc. after 80 to 100 reinforcements. For 
groups h n, the data of the 15-reinforcement 
R RA been omitted from the analysis of 
of the E Rate of responding as a function 
Points E interval is shown in Figure 1. The 
the last ‘ee of the average rates during 
Mforcem, reinforcements for the 240-re- 
the meo groups. The differences between 
emaining for the 1é-min. group and the 
of us ones were tested by the U test. 
etween p differences, except the difference 
Significant 1. lé- and 14-min. groups, were 
The en beyond the .05 level of confidence.* 
tinuous in Figure 1 has been drawn as a 
Rreate, u function over the range of intervals 
Teguj Nan zero; however, the rate for the 
hag Teinforcement (zero-interval) group 
the o en plotted to permit a comparison with 
Between 1 groups. The form of the curve 
termine d and zero minutes was not de- 
‘ĉasonab] in this experiment. It seems 
Nerval e to assume, however, that as the PR 
Shor i: ^s reduced to an interval equal to or 
drop ^ than the eating time, the rate will 
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ati Can D 8, which may be obtained from the 
of ios pp, 9cumentation Institute, Auxiliary Publi- 
Ject, Photoduplication Service, % Library 
Rin, Me $1,7 Washington 25, D. C., by remitting in 
troup t Copies 35-mm. microfilm or $1.25 for 6- by 
lie j Pati © This document also contains the 
is the data in Figures 2 and 4 and 
Pplying the U test to the intergroup 
pista in Figure 3. Make checks pay- 
Otoduplication Service, Library © 
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RESPONSES PER MINUTE 


[J 6 


PR INTERVAL- MINUTES 

_Fic. 1. Mean rate of responding in responses per 
minute as a function of the PR interval 
value equal to the rate under regular reinforce- 
ment. Over the range of 1 to 6 min., the data 
are in agreement with the finding reported by 
Skinner (10) that rate of responding is 
inversely related to interval. It may be seen 
from Figure 1 that the curve is changing 
slowly for intervals beyond 3 min. Since 
Skinner reported a linear function between 3 
and 9 min., it is felt that the present data are 
not in disagreement with his finding. Obvi- 
ously, a linear function will not describe the 
curve over its entire range. The data in 
Figure 1 are of the same form as those reported 
by Kaplan (6), who investigated intermittent 
reinforcement of an escape response. His 
intervals of reinforcement were similar in 
range to the PR intervals used in the present 
study. 

Mean cumulative response curves for the 
five days of extinction appear in Figure 2. 
The curves for the 15-reinforcement groups 
reflect differential responding during the first 
hour of extinction. In the remaining 4 hr., the 
initial differences are maintained; however, 
during this period the curves are essentially 
parallel. The U test applied to intergroup 
differences in daily extinction responding 
yielded no significant differences beyond the 
first hour. A similar analysis was made of the 
data for the 240-reinforcement groups. In this 
case, however, different PR intervals resulted 
in differential responding during the first and 
the second hours of extinction. Thereafter, 
there were no significant differences on any 
given day, although the initial differences 
were maintained throughout the course of 
extinction. 

The functions relating resistance to ex- 


tinction and PR interval, obtained by cutting 


DAYS OF EXTINCTION 


Fic. 2. Mean cumulative response curves during 
five 50-min. periods of extinction. The parameter of 
the functions is the PR interval in minutes. Groups 
received 15 or 240 reinforcements (S”). 


EXTINCTION RESPONSES 


3 4 
PR INTERVAL - MINUTES 
Fic. 3. Mean responses during two 50-min. periods 
of extinction as a function of the PR interval with 
number of reinforcements (S?) as a parameter, Func- 
tions were obtained by cutting through the curves in 
Figure 2 on Day 2. The insert shows the fit of the 
15-S* points (open circles) about the 240-S* curve 
when the points of the 15-57 curve have been multi- 
plied by a constant amount chosen to superimpose the 
6-min. interval points. 


6 


through the cumulative response curves at 
any one point, have essentially the same form. 
As a result of the intergroup comparisons of 
daily responding, the responses for the 240- 
reinforcement groups were cumulated over the 
first two periods of extinction and were plotted 
in Figure 3. To permit a direct comparison 
with this function, the data for the 15-re- 
inforcement groups were also cumulated over 
the first two days of extinction and were 
plotted in Figure 3, in spite of the fact that 
these groups did not respond differentially 
beyond the first hour. It may be seen from 
Figure 3 that the function relating resistance 
to extinction and PR interval has a maximum 
at approximately 1 min., and that the shape 
of the function is independent of the number 
of reinforcements. The ratios of corresponding 
points on the two curves, except for the 
regular reinforcement groups, are essentially 
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constant. The points in the 15-reinforcement 
curve have been multiplied by a constant 
chosen to superimpose the two curves at the 
6-min. interval. The fit of these calculated 
values to the function obtained for the 240- 
reinforcement groups is shown in the insert in 
Figure 3. The calculated values (open circles) 
are sufficiently close to the obtain?d curve to 
justify the assertion that the shape of the 
function is independent of the number of 
reinforcements. The U test was applied to 
the data of Figure 3. To determine the dif- 
ferences in extinction following regular and 
periodic reinforcement, the zero-minute groups 
were compared with the PR groups receiving 
the same number of reinforcements. In both 
curves the differences between regular and 
periodic reinforcement are significant beyond 
the .05 level of confidence except for the 
1é- and 6-min. groups receiving 240 reinforce- 
ments. The statistical significances of the 
maxima were determined by comparing the 
1-min. group with the remaining groups 
Groups that differ significantly (beyond .05) 
from the 1-min. groups are the 0- and 1é-min- 
ones receiving 15 reinforcements and the (^ 
Y6-, 4%-, and 6-min. ones receiving 240 rein- 
forcements. 

The data are in agreement with the findings 
that periodic reinforcement results in greate! 
resistance to extinction than does regula 
reinforcement (cf. 5). Compared with th? 
Boren data previously cited, they establisP 
the fact that the function relating resistance t° 
extinction and the PR interval has a maximum? 
that is independent of the number of 1% 
inforcements. Boren placed the maximu? 
between 1 and 3 min.; in the present study 
maximum is approximately 1 min. In both 
cases the general location is the same. At b 
present stage of knowledge it is not possib’ 
to state that this shift in the maximum ? 
significant. If it is real, it may result » 
different experimental arrangements and 
ferent levers. Since the position did not cha?! 
for extreme values of reinforcements £iV^ 
under the same procedure and in the $? 
apparatus, it may be concluded, tentative í 
that the position, as well as the existenc® 
the maximum is independent of the num 
of reinforcements. : 


To determine the relation between rate of resp 
during reinforcement and resistance to extinction | 
mean extinction responses for the 240-reinforce" tbe 
groups in Figure 3 were plotted as a function 0 


pondit 
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EXTINCTION RESPONSES 
D 


4 5 


2 3 
DAYS OF EXTINCTION 


Fu z 
five Es 4. Mean. cumulative response curves during 
the fie ce periods of extinction. The parameter of 
duri ctions is the number of reinforcements received 
ng 2-min, PR, 


Mea; 
sistent from Figure 1. The plot showed no con- 
i Telation between these two variables. The rates 


inj 
9 iri are mean rates. Since there is some overlap 
Te re idu 
of then according to their PR rates irrespective 
for t ese R interval, and the mean extinction responses 
extinction e groups were redetermined. Again, a plot of 
fs Woo versus PR rate indicated no con- 
Sed in the data. These analyses indicate that 
© of re o extinction is not systematically related to 
Sponding during reinforcement. 


Experiment II 


d oa mean cumulative response curves 
that €xtinction after different numbers of 
TI WB reinforcements appear in Figure 4. 
Tate , Curves show a marked deceleration in 
e Vd. extinction. The 500-reinforcement 
cing, falling very slowly; the 15- and 
'àpiq È Orcement curves are falling much more 
tteq. Resistance to extinction has been 
"eint," 5 a function of the number of periodic 
Sho puente in Figure 5. Two functions are 
the cur © emphasize the fact that the shape of 
tended, Changes as the extinction period is 
Dtaine F he lower curve in Figure 5, 
teaa T 1 hr. of extinction, shows small 
mhe urbe between groups and indicates that 
que. Th 18 approaching some asymptotic 
ays € upper curve, obtained after five 
tae nes o action, shows larger intergroup 
x Value nd does not suggest any asymp- 
Ese dat linear function has been fitted 
nor & It is recognized that the curve 
adequately describe the small 


en 
en 


EXTINCTION RESPONSES 


SO 


o 100 200 300 400 
NUMBER OF REINFORCEMENTS 
Fic. 5. Number of extinction responses as a function 
of the number of reinforcements received during 2-min. 
PR. The lower curve was obtained by cutting through 
the cumulative curves in Figure 4 on Day 1, the upper * 
one by cutting through on Day 5. The points on the 
upper curve have been lowered 80 responses along the 
ordinate. 


TABLE 1 
Reliabilities of Intergroup Differences in Extinction 
Responding Determined by the Mann-Whitney 
U Test 
Numbers in the frame of the table refer to number 
of reinforcements during 2-min. PR. Probabilities 
appear in the body of the table. 


EXTINCTION DAY 1 


50 85 120 240 500 

15 .531 .032 .013 .047 | .001 
50 .047 .021 .047 | .021 
85 .409 .197 | .204 
120 .120 | .066 
240 | .409 

EXTINCTION DAYS 1 THROUGH 5 

50 85 120 240 500 

15 .469 .047 .066 .120 | .001 
50 .090 .090 .120 | .008 
85 .469 .350 | .090 
120 .294 | .066 
240 .066 


reinforcement points, but the data do not 
suggest any curve that describes them better. 
The intergroup differences in Figure 5 were 
compared by the U test. The results of these 
comparisons appear in Table 1. 

An inversion between the 85- and the 120- 
reinforcement groups cannot be accounted for 
in terms of the experimental operations. The 
differences between these groups on any one 
day during extinction or on any cumulated 
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days is not significant. This indicates that the 
inversion may be due to random fluctuations 
and is not, in fact, a real inversion. 


The Bush and Mosteller learning model (1) presents 
rational expressions for the relations obtained in this 
study. Figure 1 should be described by their equation 
37; Figure 5 by equation 20 or, if the number of re- 
inforcements has not been sufficient to generate the 
final rate under reinforcement, by equation 23; Figure 3 
by combining equations 37 and 20; and the relation 
between rate under reinforcement and extinction 
responses, which, in the present study, were found not 
to be systematically related, by equation 20. The 
application of the model to functions containing PR 
interval as a parameter is difficult because of the de- 
pendence of the “constants” w and b on T, the PR 
interval. Since the explicit relations between these 
variables are not given, a rigorous test of the adequacy 
of the model to describe the present data is not possible. 
It might be pointed out that equation 37 does describe 
the data in Figure 1, but only if w and b are assumed 
to be constants independent of T. If this assumption is 
made, the authors have pointed out that the model 
cannot handle the differences in extinction following 
regular and periodic reinforcement. 


SUMMARY 


The male albino rat, on a hunger rhythm, 
was used in a Skinner-type apparatus to study 
the effects of the  periodic-reinforcement 
interval and the number of periodic reinforce- 
ments upon response strength. 

In Experiment I, periodic-reinforcement 
intervals of 0 (regular reinforcement), lé, V4, 
1, 2, 4, and 6 min. were used to condition the 
bar-pressing response. Two values of the 
parameter of number of reinforcements, 15 
and 240, were presented at each interval. 

1. The function relating rate of responding 
and the periodic-reinforcement interval shows 
an inverse relationship between these variables 
over the interval range from lá to 6 min. 
It is argued that as the interval is decreased 
to a value equal to the eating time, the rate 
will drop abruptly to the value maintained 
under regular reinforcement. 

2. The function relating resistance to 
extinction and the  periodic-reinforcement 
interval has a maximum at approximately 1 
min. The shape of the function and the 
position of the maximum appear to be inde- 
pendent of the number of reinforcements. 

3. There appeared to be no systematic 


relation between rate of responding under 
periodic reinforcement and resistance to 
extinction. 

In Experiment II resistance to extinction 
was investigated as a function of the number 
of reinforcements received under 2-min. 
periodic reinforcement. Numbers of reinforce- 
ments used were 15, 50, 85, 120, 244), and 500. 
As the number of reinforcements increases, 
resistance to extinction increases. The’ exact 
form of the relationship is not indicated from 
the data. The effect of the variable number of 
reinforcements may be obscured if the ex- 
tinction period is truncated. 

The limitations of the Bush and Mosteller 
learning model in describing functions con- 
taining periodic-reinforcement interval as & 
parameter are indicated. 
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TEMPORAL FACTORS IN SENSORY PRECONDITIONING! 


CARL A. SILVER anp 


a 


fia 2 cf sensory preconditioning (2) in 
Phe [o mediated stimulus equivalence (5). 
Euh ee of paired preconditioning 
». eh. likened to classical conditioning. 
respon imulus is considered to be a UCS for a 
non t is not directly observed, and 
to the Ry a CS for a second response similar 
5 e elicited by the other stimulus. Prior 
it ND both responses occur only 
tionin Stimuli are present. After precondi- 
complex Popong which resembles the entire 
Stimulus, ollows presentation of either 
am instrumental response is subsequently 
i eine BN one of these stimuli, several 
oe nt stimuli are present in the situation. 
rived esci the stimulus itself, stimuli de- 
its CR [s its UCR, and stimuli derived from 
Similar t ince the latter stimuli are presumably 
Other . © those produced by the UCR to the 
tio B perigee nice: stimulus, the presenta- 
expe Is stimulus in critical tests should 
Cted to yield positive transfer. 
ah anes tion can be deduced to test this 
Co) hio. from laws of temporal relations in 
“Stablig} hing (4, 6). Since a CR is most readily 
ag bee if the CS precedes the UCS, 
Brecon on forward presentation of the 
Quisitign ening stimuli should facilitate ac- 
transfor of the mediating CR. The amount of 
ifn t should be correspondingly greater 
ackw, At obtained after simultaneous or 
presentation. 


Sup. METHOD 
bie. is 


Th 
Erpen e 120 
troime hooded and albino rats employed in this 
Tang vents, cre assigned at random to the various 
Sed fron mals of both sexes were used, and ages 
50 to 125 days. 


his avis 

hi art; " 

Unive author € is based upon a thesis submitted by the 

the Vetsity jy, (© the Graduate School of The Ohio State 
Bree of Partial fulfillment of the requirements for 

aster of Arts. 
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Preconditioning Apparatus 


Preliminary exposures to single or paired stimuli 
took place inside a partially sound-shielded room. A 
cage of wire mesh secured to an enamel pan filled with 
sawdust and placed upon a table was provided for the 
animals. Light from a 100-w. incandescent lamp in a 
ceiling fixture served as one of the two preconditioning 
stimuli. The other was produced by a buzzer which was 
located about 2 ft. from the cage. Switches in the lamp 
and buzzer circuits were operated by an automatic 
timing device. 


Conditioning Apparatus 


After preliminary training, the animals were con- 
ditioned in a box 16 in. square inside, 5 in. high, with an 
electric grid at its base. The box was covered by a sheet 
of plate glass with an opening in its center. A trans- 
parent plastic container rested on the grid floor 
and protruded 3 in. through the opening. A 60-w. 
incandescent lamp was mounted, base up, inside the 
container, and a buzzer was attached to its top. A 
motor-driven kymograph drum, which activated 
microswitches, was used for automatic presentation 
of the stimuli at a rate of two per minute. A shocking 
circuit for the grid was devised from a 110-v. a.c. sup- 
ply and a series of resistances. 


Procedure 


The animals were divided into six main groups, 
three control and three experimental. Animals assigned 
to the first control group received no preliminary 
training, but were transported directly from their home 
cages to the conditioning apparatus. Animals in the 
second control group were exposed to a pseudocon- 
ditioning series of 3000 buzzer presentations during a 
period of 4 hr. 20 min. The third group was another 
pseudoconditioning control, but a light was presented 
instead of a buzz. Each stimulus lasted for 1 sec. The 
control groups were subsequently divided into sub- 
groups of ten animals each. Half the rats were trained 
to run when a light was presented and then tested for 
transfer to buzz, while half were first conditioned to 
buzz and then tested for transfer to light. 

Rats assigned to the first experimental group were 
given preliminary training which consisted of 3000 
simultaneous presentations of buzz and light. This is 
simultaneous preconditioning. Half the rats so treated 
were then conditioned to run to light and tested for 
transfer to buzz, and half were conditioned initially to 
buzz and tested for transfer to light. 

During the preconditioning session half the animals 
of the second experimental group were exposed to light 
followed by buzz. These rats were then conditioned to 
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/ 
4 PRECONDITIONING 
€——9 FORWARD 
9——9 BACKWARD 
3 @---® SIMULTANEOUS 
CONTROL PROCEDURES 
2 O——O LIGHT ALONE 


O——O BUZZER ALONE 
O--—O NO PRETRAINING 


MEAN NUMBER OF CONDITIONED RESPONSES ELICITED 
a 


te 3- 4i- S e T- Si- 
10 20 30 40 50 60 70 80 90 100 
TRANSFER TEST TRIALS 


Fic. 1. Learning curves for acquisition of the CR to 
the transfer stimulus 


TABLE 1 


Analysis of Variance for Number of CR’s Elicited 
in Transfer Task 


SOURCE df | EST. MEAN F 


SQUARE ? 
Between conditions | 5 | 1845.71 | 27.93 | <.01 
Between subgroups | 1 42.01 «1 N.S. 
Interaction 5 36.97 | «1 N.S. 
Within subgroups |108 66.08 


run to buzz and tested for transfer to light. The re- 
maining animals were first exposed to buzz followed by 
light, and then were conditioned to light and tested for 
transfer to buzz. This is forward preconditioning, for the 
UCS for the mediating response follows the stimulus 
that is to become the CS. 

These temporal relations were reversed for the treat- 
ments given to the third experimental group. Animals 
exposed to light-buzz sequences were conditioned to 
light and tested for transfer to buzz. Those given 
presentations of buzz-light were conditioned to buzz and 
tested for transfer to light. This is backward precon- 
ditioning. Under both conditions of asynchronous pre- 
conditioning a ¥4-sec, interval elapsed between stimuli 
of 1-sec. duration, There was thus a 1}4-sec. interval 
between onsets. This seems long, but is justified by 
Kappauf and Schlosberg's results (3). 

In the conditioning procedure each CS lasted 1 sec. 
A CR was defined as a movement of at least 6 in. prior 
to onset of shock, which followed by 15 sec. the termina- 


tion of the CS. One rat was discarded because it failed ' 
to respond to shock within a 10-sec. period. The criterion 
for conditioning was 7 responses within a block of 10 
trials. The transfer tests which followed immediately 
consisted of stimulus substitution for 100 additional 
trials. 


RESULTS 


The first statistical tests were performed to 
ascertain the effects of the different conditions 
upon the number of trials required to reach 
the initial criterion in conditioning. The 12 
subgroups were treated separately. After 
initial tests indicated homogeneity, a within- 
and between-groups analysis of variance was 
performed. An F < 1, with 11 and 108 df, 
was obtained. This is in accord with previous 
findings (2) that preconditioning procedures 
have no demonstrable effect upon initial 
conditioning. d 

The most extensive analysis was performe 
upon the total number of CR’s elicited during 
transfer tests. Figure 1 shows the learning 
curves obtained in the transfer situation after 
varying conditions of pretraining. The scores 
were tested for homogeneity, and the assump 
tion was not rejected. The analysis of varianc? 
summarized in Table 1 was then performec 
It was found that amount of transfer differe 
significantly from subgroup to subgroup, 4 
that these effects could be attributed 
differences in pretraining. 2 

Subgroups within conditions were um 
combined, and an analysis of variance W? 
performed to compare control treatment 
An F < 1 was obtained, with 2 and 57 is 
obviously not significant. A similar analy 
compared the three experimental group 
forward, backward, and simultaneous Ne hb 
conditioning. This yielded an F of 8.01, wh, 
is significant beyond the .01 level with 2 an 
57 df. E 
A series of £ tests revealed that backward 4 t 
simultaneous preconditioning groups were ” : 
statistically distinguishable, but that fare € 
preconditioning yielded significantly ™ $ 
transfer than either of the other treatme? jj, 
The values were 0.11 for backward vs. sim 
taneous, 3.46 for backward vs. forward, 9 
3.11 for simultaneous vs. forward compari? ig 
The latter two are significant beyon "n 
-01 level of confidence. A fina! / of 9, 
significant at the .01 level, was obtaine' 
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pee parison of the pooled control groups and 
e pooled backward and simultaneous pre- 
conditioning groups. 


DISCUSSION 


ud 
B rur pe of this experiment demonstrate 
that er trom preconditioning to an extent 
eo canno* be attributed to pseudocondi- 
rA Furthermore, the temporal relations 
o ba preconditioning stimuli affect the 
ud of transfer that is obtained. Since 
D T presentation is superior to either 
m vard or simultaneous presentation, the 
thou die the hypothesis under test. Al- 
E € postulated mediating CR remains 
ey conditions designed to facilitate its 
E or yield increments of the kind to be 
ed. 

i prediction supported by this investiga- 
is as been derived from an S-R analysis. 
thet} Not contended that the outcome is anti- 
ical to an S-S point of view (1), but rather 
exclus conditioning cannot be offered in 
Critica] support of the latter position. The 
aa! to distinguish between these 
te zin might be profitably sought else- 

io 6 lor it is unlikely that sensory precondi- 


loni " 
eite Will provide a stumbling block for 


SUMMARY 


‘ae experiment was designed to test the 
experi esis that transfer in preconditioning 
th oo varies in amount as a function of 
nal relations between precondition- 
Whic muli. This is predicted by accounts 
the | Postulate response mediation and liken 
Condit Conditioning procedure to classical 
Oning. Six main conditions were em- 
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ployed, with 20 rats in each group. The pro- 
cedures were forward, backward, and simul- 
taneous preconditioning; light and buzzer 
pseudoconditioning; and no-pretraining con- 
trol. After Ss were given preliminary training 
they were conditioned to run upon presenta- 
tion of either light or buzzer. Subsequently, 
transfer to the alternate stimulus was meas- 
ured in a standard block of conditioning trials. 

It was found that groups which received 
pseudoconditioning presentations could not 
be distinguished from the one given no pre- 
training. Transfer was observed if rats were 
given any of the preconditioning treatments, 
and of the three the forward preconditioning 
groups showed the greatest amount of trans- 
fer. It was concluded that an S-R analysis 
gives a satisfactory account for these findings, 
and that the data from sensory precondition- 
ing experiments cannot be offered in exclusive 
support of S-S theories of learning. 
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THE ROLE OF THE EXPLORATORY DRIVE IN LEARNING 
K. C. MONTGOMERY 


Yale University 


In previous papers the author has presented 
evidence that novel external stimulation evokes 
the exploratory drive which leads to explora- 
tory behavior, that continued exposure to such 
stimulation results in a decrease in the strength 
of the exploratory drive, and that the explora- 
tory drive is a primary drive largely inde- 
pendent of other primary motives (5, 6, 7). 

The present investigation is concerned with 

the role of the exploratory drive, as a primary 
drive, in learning. According to drive-reduction 
theory, behavior followed by a reduction in 
amount of exploratory drive should be 
strengthened. However, qualitative observa- 
tion by the author has repeatedly suggested 
an alternative hypothesis: behavior which re- 
sults in an increase in amount of exploratory 
drive is strengthened. In other words, it is 
possible that behavior which produces novel 
stimulation is reinforced, not because exposure 
to that stimulation reduces the strength of the 
exploratory drive, but because the novel stim- 
ulation produces an increase in, or at least 
maintains, the strength of the exploratory 
drive. Results reported by Mote and Finger 
(4), by Schiller (9), and, in particular, by 
Harlow et al. (1, 2) tend to support the latter 
hypothesis. 

The present experiment is designed (a) to 
test the hypothesis that novel stimulation can 
function as a reinforcing agent, and (b) to 
provide evidence relevant to the question of 
whether exploratory-drive reduction or explor- 
atory-drive increase (or maintenance) is the 
mechanism underlying this kind of reinforce- 
ment. 

The experimental conditions had to meet 
two major requirements. First, drives other 
than the exploratory drive and reinforcements 
other than those provided by novel stimulation 
had to be eliminated or controlled. Second, a 
situation had to be devised in which the ex- 
ploratory drive could be evoked and then either 
reduced or increased (maintained) in strength 
after a response had occurred. These require- 
ments were met by running rats satiated for 


food and water, with a control for the activity 
drive, in a Y maze so constructed that one arm 
was a blind alley and the other opened into à 
large Dashiell-type maze offering a. much 
greater amount of intra- and extramaze stim- 
ulation. On any given trial an animal was free 
to enter either arm of the Y; as soon as it di 
so, a sliding door was closed behind it, and 
approximately 2 min. later it was remove 
from the maze. 

Thus, the situation (a) provides an opportu- 
nity for learning to occur, and (b) permits 0 
a rough test between the exploratory-driV? 
reduction and the exploratory-drive increase 
hypotheses. According to the former, the ant 
mals should learn to enter the blind alley ° 
the Y because continued exposure to that arm 
produces an appreciable decrease in the 
strength of the exploratory drive it evokes 
originally (5). According to the latter hypoth- 
esis, the animals should learn to enter t v 
arm leading to the Dashiell maze because it 
provides a large amount of novel stimulatio? 
which increases, or at the very least maintains; 
the strength of the exploratory drive evok® 
by the Y-maze arm. An additional test x 
learning consisted of reversing the Dashie" 
maze from one arm of the Y to the other m! 
way through the experiment. Preferenc? 
developed for either arm of the Y maze sho" 
shift accordingly if they are under the con^. 


of either of the above two kinds 
reinforcement. 

METHOD 
Subjects 


à T 
The Ss were 12 female albino rats of the be 

strain, averaging about 150 days of age at the begin? 

of the experiment. 


Apparatus 


A diagram of the apparatus is presented in Figur? al 
It consisted of two mazes, a Y maze with L-shape¢ pich 
arms and a modified Dashiell maze (D maze) W 
could be attached to either arm of the Y. The L-shaP o 
arms prevented the animals from seeing the positio cs 
the D maze from the choice point of the Y. The ™ 
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Set on a table placed in the center of the experi- 

Cai ceca in which the rats were housed. Dim in- 

ighting was used during the experimental periods 
Provide uniform illumination in the apparatus. 


Procedure 


ot pl adaptation. On day 1 the animals were 
the right sid experimental room. Half were housed on 
APEA eel. ofthe room and half on the left. Half the 
didual cs : e of the room were housed in small in- 
cages me de and the other half in small individual 
periment food to activity drums. Throughout the ex- 
iving coni Ls SERIEN were always available in the 
activity-wheel és d records were taken of number of 
Lote adapt t volutions. The animals were given 24 
thorough] pt to the experimental room. All had been 
d y tamed prior to day 1. 
animal crit or position preferences. On day 2 each 
inthe Y ees four widely spaced, free-choice trials 
S soon as ihe whose arms were made into blind alleys. 
osed behind: rat entered an arm, the sliding door was 
after enteri it. It was removed from the maze 30 sec. 
of entry Ee an arm. The arm entered and the latency 
arnin Te recorded for each trial. - ! 
rte a ae On days 3, 4, and 5 each animal was 
torn rials in blocks of four. The D maze was at- 
nals and to € right side of the Y maze for half the ani- 
Sisted of ( the left side for the other half. A trial con- 
Nitting hed placing a rat in the stem of the Y, (b) per- 
door bilo enter either arm, (c) closing the sliding 
2 mi afte it, and (d) removing it from the apparatus 
Mtertria] ter it was placed in the stem of the Y. The 
fro a SAD terva] within each block of four trials varied 
aged ai oe 15 to 25 sec.; the interblock interval aver- 
Pi of the e On each trial a record was made of the 
s number gora entered, the latency of entry, and 
hen the pon 12-in. units traversed in the D maze 
mal entered that arm of the Y. 


cl 


Biven 
tache 


Fr 
Mente : 


1. F 
M Wi Re Plan of the apparatus. The measure- 
"loq de ang prt inside dimensions. All alleys were 4 
Tally he Walle, high, and were covered with hardware 
fin, 5 and floor of the Y maze and the outside 
Qe Plywoog Maze were constructed from unpainted 

rere 005 the floor and the inside walls of the D 
€ from unpainted Homosote (a wall 


Reversal series. On days 6, 7, a 

i à nd 8 the 

followed during the learning series was phe i ee 
details. The only change in the situation was that the 
D maze was moved to the other arm of the Y maze. 


Experimental Design 


The experimental design was such that Yi 
variables were balanced: the type of oe 
side of the room on which the living cage was placed 
and the side of the Y maze on which the D maze ea 
placed during the learning (and reversal) series. All 
possible combinations of these three variables were used 
resulting in eight subgroups of animals. Four subgroups 
contained two animals each, and the other four con- 
tained one rat each. The 12 animals were so assigned 
that half of them contributed to each of the two 
“values” of each of the three variables. 


RESULTS 


Percentage Choice of the D-Maze Side of the 

Y Maze 

For each animal the total number of entries 
of the Y arm leading to the D maze was tabu- 
lated for each block of eight trials during the 
learning and reversal series. These values were 
summed for the 12 animals and converted to 
percentages. The results are summarized in the 
upper half of Figure 2. The first point repre- 
sents the percentage choice of the right arm of 
the Y on the four initial-preference trials. The 
horizontal lines at 63 and 37 per cent represent 
the .01 fiducial limits based upon chance. 

Inspection of the graph reveals that the 
animals (a) learned to enter the arm of the Y 
leading to the D maze and (b) reversed their 
behavior when the position of the D maze was 
reversed. Individual records are consistent with 
the performance of the group. 


Latency Data 

The mean latency for the group was com- 
puted for the four initial-preference trials and 
for each succeeding block of eight trials. Also, 
the common logarithm of each rat’s latency on 
each trial was obtained, and averages corre- 
sponding to the latency means were computed. 
The results are summarized in the lower half 
of Figure 2. Both curves resemble typical 
learning curves. The decreases in mean log 
latency from the first to the fourth and from 
the first to the seventh point on the graph are 
highly significant. The respective values of £ 
are 5.11 and 7.00; for 11 df both values are 
significant at beyond the .001 level. 
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Fic. 2. Group learning curves 


Reversing the position of the D maze pro- 
duced an apparent temporary increase in the 
latency measures. However, the increase in 
mean log latency from trials 21 to 28 to trials 
29 to 36 does not differ from zero (t of 1.01; 
11 df). 


Further Analyses 


On the four initial-preference trials six ani- 
mals turned either left or right three times; 
each of the other six rats turned left twice and 
right twice. There were no differences in per- 
formance between these two groups during 
either the learning or the reversal series. 

During the learning series the D maze was 
attached to the right arm of the Y for half the 
animals and the left arm for the other half. 
There were no differences in performance be- 
tween these two groups. Similarly, these groups 
did not differ during the reversal series. 

It is possible that extramaze stimuli deriving 
from the side of the room on which the animals 
lived evoked an acquired drive, or provided 
secondary reinforcement, for entering the arm 
of the Y pointing toward that side of the room. 
Hence, learning would be either facilitated or 
hindered, depending upon the relative position 


of the D maze. The results yield no evidence 
of such effects. 

No differences in performance occurred be- 
tween the six animals given access to activity 
drums and the six not given such access. During 
the learning series the former group entered 
the Y arm leading to the D maze a total of 108 
times and the latter group a totaliof 101 times: 
Corresponding totals for the reversal series are 
74 and 63. Furthermore, these groups did not 
differ significantly in amount of activity in the 
D maze. The average number of 12-in. D-maze 
units traversed per D-maze entry was 281.4 
for the activity-drum group and 24.8 for the 
other group. On the average the animals in the 
former group ran about one-third mile per day 
in the activity drums. 

A progressive increase in amount of D-maze 
activity occurred during the experiment. The 
mean number of 12-in. D-maze units traven 
per D-maze entry was computed for each bloc 
of eight trials during the learning and revir 
series. These values are 19.5, 24.2, 26.6, 30.0, 
29.4, and 30.3. The difference between the first 
and last mean is significant at the .001 leve 
(t of 5.84; 11 df). 


DISCUSSION 


Both the percentage choice and the latency 
data indicate that learning occurred. Duros 
the learning series the animals developed E 
preference for the arm of the Y leading to t? 
D maze, and during the reversal series they 
reversed this preference; average latency 
creased systematically as a function of num E 
of trials. Various analyses reveal that pe 
formance was not influenced by initial tur? Ei 
position preferences, by drives or reinfor¢ 
ments acquired in the experimental room, 
by the placement of the D maze relative 
the Y maze. Moreover, there is no evide” r 
that the general activity drive affected P^ 
formance in any way. a 

Thus the results appear to confirm the by) 
pothesis that novel stimulation can functio? ee 
a reinforcing agent. However, there are er. 
other possible explanations of the present Bre 
ings that must be considered. Because 2" ^y 
rats were females, it is possible that an active 
drive based upon the estrus cycle was prese y 
and that the D maze provided a means 
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um reducing this drive, thus influencing 
Ee choices. There is, however, no 
B. : in the present results of any kind 
res ematic variation either in amount of 
NT. activity or in the latency measures 
: as would be expected if this motive were 
mportant. 
none p3ssible explanation is that a con- 
Briss [n ear of the blind alley developed be- 
they e e animals were picked up every time 
the Msg it; hence, they tended to avoid 
dn nd alley and to enter the other arm. 
E ont at least two reasons why this hy- 
of the iceman: First, because the arms 
oM P very similar, fear conditioned to 
Š em ould generalize to the other. Thus 
and thei als should tend to avoid both arms, 
number r EE latency should increase with 
latenc e trials, Figure 2 shows that mean 
ul ecreased during the experiment. 
ing to rm the rats entered the Y arm lead- 
Picked e D maze they were almost always 
in fear up in the D maze. If handling results 
exhibit a ant then the animals should 
T n increasing avoidance of the D maze, 
mare bt agg decrease in amount of D- 
s torii as number of trials increases. 
ured. s show that a progressive increase 
Di "n 
MR "d it is possible that the D maze pro- 
ased pus kind of secondary reinforcement 
Peter learning that occurred prior to the 
Cates wp Available evidence (e.g. 8) indi- 
E Dro at for the rat the secondary reinforc- 
Drima, perties of stimuli extinguish rapidly if 
Would”, reinforcement is withheld. Hence one 
a holies an initial increase followed by 
l in in percentage choice of the Y arm 
lolo veg o the D maze and an initial decrease 
The a by an increase in the latency measures. 
te Uo presented in Figure 2 contradict both 
Dly to des The preceding considerations ap- 
Positive *condary reinforcement derived from 
aer, Mme reinforcers, e.g, food and 
Mdary 5 iller (3) has demonstrated that sec- 
d hs qui orcement based upon reduction of 
he S of reg fear drive is effective over a long 
* exp] trials. Thus, the present results might 
fVokeg Med by assuming that the Y maze 
A E ated uming tha à 
Thing th quired fear drive, based upon prior 
» that was reduced only when the ani- 


mals entered the D maze. Qualitative observa- 
tion yielded no evidence supporting this hy- 
pothesis. Only one or two rats defecated or 
urinated in the stem of the Y, and all the ani- 
mals ran back and forth between the Y and 
D mazes freely when they entered the Y arm 
leading to the D maze. 

It is concluded that the present results 
support the hypothesis that novel stimulation 
can function as a reinforcing agent. The results 
are also interpreted as supporting the hypoth- 
esis that the mechanism underlying this kind 
of reinforcement is an increase in the strength 
of the exploratory drive, and as providing 
negative evidence for the hypothesis that the 
mechanism is a decrease in the strength of the 
exploratory drive. 


SUMMARY 


Two hypotheses are tested in the present 
experiment: (a) novel stimulation can function 
as a reinforcing agent, and (b) the mechanism 
underlying this kind of reinforcement is an 
increase, rather than a decrease, in the strength 
of the exploratory drive. Twelve rats were 
given 48 free-choice trials in a Y maze in which 
one arm led to a blind alley and the other to à 
large Dashiell-type maze. On the first 24 trials 
the D maze was attached to one arm of the Y; 
on the second 24 trials it was moved to the 
other arm of the Y. The results show (a) that 
during the first 24 trials the animals learned 
to enter the arm of the Y leading to the D maze 
and that they reversed their choices during 
the second 24 trials, and (b) that over the 48 
trials the animals exhibited a progressive de- 
crease in latency of Y-maze-arm entries. It is 
concluded that learning occurred, that it is 
based upon the exploratory drive, and that the 
results support both the above hypotheses. 
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TRAUMATIC AVOIDANCE LEARNING: THE EFFECTS OF CS-US INTERVAL 
WITH A TRACE-CONDITIONING PROCEDURE! i 


LEON J. KAMIN 


Harvard Unitersity 


E 
hou, avoidance learning poses critical 
fbr. or S-R theories of learning, para- 
in ag of avoidance are notably few 
ie tin, er. Particularly, the effects of varying 
iens e interval between the conditioned and 
he arpa ar stimulus are not well known. 
Falera rly study by Warner (15) indicated that 
criteri ied more trials to achieve an avoidance 
rats, ho as CS-US interval is lengthened. The 
5 a Thee” had been pretrained to escape 
e. ere was no study of extinction, and 
feno SUBEN of acquisition were not 
effects, : The present experiment explores the 
extin of CS-US interval on the acquisition and 
"ee of a shuttle-box avoidance response 
gs. 


METHOD 


Sui; 
o and Apparatus 


They. sisi Were 50 experimentally naive mongrel dogs. 
In wei ned in age from about one to six years, and 
house, għat from about 9 to 13 kg. The animals were 
available. laboratory cages, with food and water freely 
the do € at all times. The data were obtained while 
` d Were in apparent good health. 
dese, Paratus used was much the same as that 
Onsisteq by Solomon and Wynne (14). Theshuttle box 
Sparat, of two identically built compartments, 
There a by a barrier which was adjustable in height. 
dogs de. no drop-gate to prevent retracing. Thus, the 
to the oth Nays free to jump from one compartment 
Ment Wë er. The inside dimensions of each compart- 
te plyne; length 45 in., width 24 in., height 40 in 
Y alumi. od walls were sheathed on the inner surface 
Starter painted a flat black. The barrier between 
NIS slipp a was built of aluminum-sheathed plywood 
ES hinged qu on top of another. The compartments 
i Ceiling sen which could be locked by slide bolts. 
la. 40 fice composed of hardware cloth. There were 
hers of cheats above each compartment, and two 
cay Pah oe were draped over scaffolding above 
st, he floor oie Serve as a crude one-way screen for E. 
Wie! bars 14 « the apparatus consisted of 1-in. stainless 
d t ne ìn. apart. The grid bars were individually 
commutator. The method of construction 
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(14) made certain that the dog could not escape shock 
by short-circuiting adjacent bars with feces or urine. 
The shock circuit was powered by a 500-v. a.c. trans- 
former energized by 110 v. a.c., with a fixed resistance 
of 3500 ohms placed in series with the grid bars. The 
voltage at its source could be varied from 0 to 500 v. 
Throughout the experiment, the voltage used was 
the jighest possible without producing tetany of the 
dog’s leg muscles. The voltage applied to the circuit 
thus differed somewhat from dog to dog and from day 
to day. The current drawn at a just-subtetanizing 
stimulation level (the US) was about 10.0 to 12.5 ma, 


for most dogs. 
To serve as CS, a damped house buzzer was mounted 


on each end of the apparatus. The two buzzers had 
been adjusted for equal pitch and volume. The presence 
of the buzzers, and the fact that passage between the 
compartments is never blocked by a drop-gate, con- 
stitute the only differences between the present ap- 
paratus and the Solomon and Wynne shuttle box. 


Design 


The experimental design provides a straightforward 
test for the effects of the CS-US parameter. There were 
four experimental groups, with ten animals in each 
group. The groups were treated alike in every way 
except for the length of CS-US interval. The dogs were 
assigned at random to experimental groups, and the 
breakdown of each group in terms of sex, age, and size 
is similar. The CS-US interval was constant for a 
given dog, but different groups were trained with 
intervals of 5, 10, 20, and 40 sec. between CS and US. 
The CS-US interval was measured from the onset of 
the CS to the onset of the US. There were also two 
sensitization control groups, with five dogs in each 
group. These animals were exposed both to the US and 
to the CS, but never to the CS and US paired. 


Procedure 

Acquisition. The barrier between the two com- 
partments was set at the height of the dog’s back, and 
the animal was coaxed into the apparatus. The first 10 
min. in the apparatus served as a pretest for the 
“operant level” of barrier-jumping; E did nothing 
during this period but observe the dog's behavior. 
The 50 animals employed in the study all failed to 
r the barrier during the 10-min. pretest. Five 
dogs which did jump during the pretest were discarded. 

The CS was first presented after 10 min. The CS was 
the sounding for 2 sec. of the buzzer on the side where 
the animal stood. Then, at the appropriate interval 
following onset of the CS, the grid of the side where 
the dog stood was charged (US). The short duration 
of the CS, it should be noted; constituted a trace- 
conditioning procedure. The shock was kept on until 


jump ove 
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the anima] jumped over the barrier into the opposite 
compartment. The interval between trials was set 
at a fixed, irregular schedule for all dogs. The intertrial 
intervals were 2, 3, and 4 min., with a mean of 3 min. 

When a dog jumped over the barrier after the onset 
of the CS and before the scheduled onset of the US, 
shock was omitted for that trial. The avoidance of 
shock was effected by a single jump; even if the dog 
immediately jumped back into the compartment in 
which it began the trial, no shock was given for the 
retrace. Trials on which the dog jumped the barrier 
after the CS without being shocked are termed “avoid- 
ances”; trials on which the dog terminated shock by 
jumping are termed “escapes.” The training trials, 
each ending either in escape or avoidance, were con- 
tinued in one experimental session until the dog had 
achieved an acquisition criterion of five consecutive 
avoidances. 

Extinction. Three minutes after the dog’s fifth 
consecutive avoidance, extinction trials were begun. 
The CS was still presented at the same intertrial 
intervals, but the US was never again applied. Ten 
extinction trials were conducted on the first experi- 
mental day. They were followed by a 5-min. “cooling- 
off” period for the dog. The dog was then returned to 
its home cage. The second, and all succeeding, ex- 
perimental days followed the pattern of the first day's 
extinction trials. The 10-min. observation period was 
followed by ten CS presentations and by a 5-min. 
cooling-off period. Thus, each daily extinction session 
lasted 42 min. The extinction trials were continued until 
the dog had achieved an extinction criterion of five 
consecutive failures to respond to the CS by jumping. 
However, if extinction had not occurred within ten days 
(100 trials), the animal was discontinued. 

Control group procedure. The control animals were 
given a number of shocks without any CS, spaced at 
the same intertrial intervals employed with the experi- 
mental groups. The shocks were terminated when the 
animal jumped to the opposite compartment. The 
“acquisition” period consisted of 7 shocks for five 
control dogs, and of 17 shocks for five other control 
dogs. Then, for ten trials a day for ten days, the CS 
alone was presented. These trials corresponded to the 
extinction trials given to the experimental animals. 
Thus, any tendency to jump resulting from sensitization 
or pseudoconditioning should be reflected in the be- 
havior of the control dogs. 


Measures 


The latency of the jumping response for each trial 
was recorded by stop watch to the nearest .10 sec. 
The latency data reveal whether a given trial was an 
escape or avoidance. During extinction, if no jump 
occurred within 30 sec. after the CS, the latency was 
arbitrarily defined as “infinite,” and the dog was 
charged with a failure to respond to the CS. 

The frequency of “spontaneous jumping” was also 
recorded. Whenever more than one jump occurred 
between two presentations of the CS, all jumps following 
the first were scored as spontaneous jumps. Whenever, 
during extinction, the first jump occurred more than 30 
sec. after the CS, it, too, was scored as a spontaneous 
jump. Finally, jumps occurring during the observation 
and cooling-off periods were also scored as spontaneous. 
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There was also a rough, qualitative observation by 
E of the animals’ overt “emotional” behavior. Protocol 
notes were kept concerning locomotion, barking, 
trembling, panting, defecation, urination, vomiting, 
etc. The bulk of this material is not in quantitative 
form. 


D 


RESULTS? 
Acquisition $ 


The most obvious index of acquisition of 
the avoidance response is provided by the 
number of trials required for the dog to reach 
the acquisition criterion. This is given M 
Table 1, which lists the mean and median 
trials on which the Zast shock occurred for each 
group. 

Table 1, it will be noted, presents data for 
the 40-sec. group under three separate hea 
ings. This split was necessitated by x 
peculiarity observed during the training js 
these dogs. Very early in training, six of E 
ten dogs in this group developed a phenomen 
rate of “spontaneous jumping." These anim d 
regardless of the presentation of the CS, Wi 
jumping across the barrier as many 45 2 
times per minute! This rate of spontaneo" 
jumping, as will be seen, was far above thia 
observed in other groups. The prolonged bu", 
of spontaneous jumping, if it extended bey’ os 
15 min., was enough to “pass” the acquisiti 
criterion. That is, a jump would occur W? 
40 sec. after the CS five times in successo, 
These jumps, however, did not appear i 
elicited by the CS. The dogs in quest 
promptly “extinguished” as soon as the p 
taneous jumping burst came to an end. CS: 
then showed no evident reaction to the ved 
These animals thus appear to have ache, 
the acquisition criterion spuriously? The pe 
for these six animals are presented under ip 
heading 40"-b. The remaining four anim? ^, 
the 40-sec. group, with data presented UU i; 
the heading 40"-a, showed no abnorma 
of spontaneous responding. Two © 
dogs failed to achieve the criterion * inf 
within 70 trials of training, thus accou”, ta 
for the “plus” observed in the table. The of 
under the heading 40" lumps all ten 5 
The 40"-a group seems to be the most P "E. 


? The experimental data are presented in 


Hn t e 
greater detail in the author's dissertation (5)- 


p 
à oy 
3 With appropriate statistical procedures, ! Sitio? 
shown (5) that the chance of “spurious aca iogh 
occurring is high for the 40-sec. group but eXC* 
minute for all other CS-US groups. 
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TABLE 1 


Number of Trials Required to Reach the Last Shock 
Trial as a Function of CS-US Interval 


CS-US INTERVAL 


TRIALS 
MEET | 20" | 40*a | 40b | 407 
J D y | | 1 
Mean 9.4 | 16.0 | 25.8 | 55.54- | 10.0 | 28.2+ 
Median 6.0% 8.5 | 28.5 | 57.5+ | 7.0 | 18.5 
` 
TABLE 2 


Mean Data for Various Indices of Acquisition as a 
Function of CS-US Interval 


CS-US INTERVAL 


INDICES dais a 

IIT s” | 10” | 20” | 407-a |0*-b| 40” 
$ : | id 

Tean number of | 6.511.018.744.34-, 7.722.34- 
hocks 

tio, Shock dura- |133" 2647283” 131"-F- 122" 126"4- 
` | 

ean number of | 5.0! 7.8'10.616.5-+| 6.7, 8.64 
N alternations 

ean trial of Ist | 4,5| 5.1] 6.917.0 | 4.3) 9.4 
avoidance 


D lean. trial of 5th 


Voidance E l 


Ci 
erontble to the other CS-US 


interval 


of Es 1 indicates clearly that the number 
With ms Tequired to reach criterion increases 
jected -US interval. These data were sub- 
tet to Whitney’s bivariate extension of the 
Sec, 2. (16). The data for the 5-, 10-, and 20- 
tat, Oups only were tested. The results indi- 
Deer at unless a chance of 1 in 5,000 has 
Note th, ; a significant trend exists. We may 
voly at, in so far as spontaneous jumps were 
Precise] ìn passing the acquisition criterion, 
Utred y the reverse trend should have oc- 
heme, That 1s, the longer the CS-US interval, 
lo eg Ore time there is for a spontaneous jump 
Tal Ct à spurious avoidance. j 
übsiq: 2. Presents mean data for various 
9f eou ZY indices of acquisition. These data, 
Se, are not independent of the data for 
Ock trial, which have already been 
isiti € number of shocks received during 
On, the total duration (in seconds) of 
“tive, “ceived, the number of alternations 
scapes and avoidances, and the 
Which the first and fifth avoidances 
are given, (Allernations were scored 
an avoidance immediately followed 
trial, and vice versa.) The trends 


for all these indices are evident from inspec- 
tion. They vary as a monotonic function of 
CS-US interval. 
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Fic. 1. Resistance to extinction as a function of 
CS-US interval 
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Fic. 2. Percentage of avoidance responses by extinc- 
tion days as a function of CS-US interval 


Extinction 

The median number of trials required to 
achieve the extinction criterion is plotted as 
a function of CS-US interval in Figure 1. The 
trend is evident: the longer the CS-US interval, 
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TABLE 3 
Median Latency of Avoidance during Acquisition as a 
Function of CS-US Interval 


CS-US INTERVAL 
LATENCIES 


5” | 10" | 20” | 40-2 407-b | 40” 


Median la- 2.50" 2.45" 8.30"| 8.95” 10.35”10.35” 
tency of 
1st avoid- 
ance 

Median la- 
tency of 5 
criterial 
avoid- 
ances* 


1.85".2.70",6.40" 12.65", 5.20"| 6.65" 


* p of apparent trend (Whitney's test, 5-, 10-, and 
20-sec. groups only) is .0002. 


the less resistance to extinction. The p of the 
apparent trend (Whitney's test, on the 5-, 
10-, and 20-sec. groups) is less than .0002. 
Five of the 5-sec. and two of the 10-sec. dogs 
failed to extinguish within 100 trials. The same 
tendency is shown in Figure 2, which presents 
the percentage of responses made by each 
CS-US group on each extinction day. The 
percentage was determined by dividing the 
total number of avoidance responses by the 
total number of trials per day. (There were 
virtually no differences in the extinction data 
of the 40"-a and 40"-b groups. The data for 
these groups are pooled in Figures 1 and 2.) 


Latency Data 


The latency of escape from shock was not 
a function of CS-US interval. Within each 
group, similar curves of decreasing latencies 
were obtained for successive shocks. With all 
groups, an asymptotic escape latency of about 
2.5 sec. (measured from shock onset) had been 
reached by the time six shocks were received. 

The latency of avoidance is a separate 
matter. Table 3 presents the median latency 
of the first avoidance and of the five criterial 
avoidances by CS-US groups. These data are 
a function of CS-US interval: the longer the 
CS-US interval, the longer the latency of 
avoidance during acquisition. 

The latency of response during extinction 
presents a similar picture. When the mean 
reciprocal of latency is plotted, by CS-US 
groups, for successive extinction days, there 
is not a single crossover among the four 
curves. The longer CS-US intervals exhibit 
longer latencies. This apparent trend, however, 
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MEAN RECIPROCAL OF LATENCY (log scole) 
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EXTINCTION DAYS n 

Fic. 3. Mean reciprocal of latency by extinction day 

as a function of CS-US interval (excluding 1n! pds 

latencies). (Note that the ordinate for latency 10 S 
is approximate, since the antireciprocal of the m 


2 : * the 
reciprocal of latency is not necessarily the same as 
mean latency in seconds.) 


is partly dependent upon the inclusion 2 
"infinite" latencies in computing the pe 
reciprocal of latency. Therefore, the € 
plotted in Figure 3 exclude infinite laten Se 
(The 40-sec. group is omitted because of t 

very small number of responses elicited Low 
these animals. The usual trend is eV! E 

during the first days of extinction. The ear 
difference between the 5- and 10-sec. gom. 
however, has disappeared by the fifth off 
of extinction training. Both groups leve, pe 
at latencies close to 2 sec. The duration 9 5 
CS, it should be noted, was 2 sec. Figur st 
shows a lengthening of latency through ci 
extinction for the 20-sec. group, but no § 5. 
tendency exists for the 5- and 10-sec. grouP 
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Spontaneous Jumping je 
"There are several methodological dificult i 
involved in the analysis of spontaneous jo” 
ing. The length of time spent in acquis’ vg] 
varied systematically among expen?" pe 
groups. Thus, to compare spontaneoU? ps 
sponding during acquisition across gr^ gt? 
some measure of rale is needed. THe pol 
measure, however, cannot be made 
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TABLE 4 
Median Maximum Spontaneous Jumping Rate during 
Acquisition as a Function of CS-US Interval 


CS-US INTERVAL 
JUMPING RATE 


s 5” 


10” | 207 | 40” |407-a | 40*-b 


Median* 


*2.0 | 3.0 35 || 118 


6.0 | 9.0 


* 
2 b of appatent trend (Whitney’s test, 5-, 10-, and 
“Sec. groups only) is < .05. 
TABLE 5 


Median Spontaneous Jumping Rate by Extinction 
Days as a Function of CS-US Interval 


EXTINCTION CS-US INTERVAL 
DAY 
a s" 10" 20” 
1 A3 .30 1.63 
2 .87 1.81 
3 1.47 1.47 
4 .69 1.08 
2 67 
: .48 
d .50 
S 43 
127 


i 
qitPendent of amount of experimental time. 
Pagi 4 presents one index of rate, the median 
Cni rale of spontaneous jumping during 
üneq po The maximum rate was deter- 
ju Y computing the greatest number of 
mint, ade by each animal during any single 
Xpress of acquisition. The tabled values thus 
table number of jumps per minute. The 
8 indicates a significant tendency for 
neous jumping rate to increase with 
h Interval. 
Con.” length of an extinction session was 
the “Dt across CS-US groups. Table 5 presents 
hu piam rale per minule of spontaneous 
Be mee for progressive extinction days. 
Me te of the variability in the data, only 
are 7S which represent at least six animals 
th pie, i ted. The very early extinction 
id Obtained with the longer CS-US 
these © accounts for the lack of data from 
R tong os: The table indicates, once again, 
iitivey for spontaneous jumping to be 
me dog, weed to length of CS-US — 
thi ble "dog variability, and the small an 
uy > make it difficult to demonstrate 
x "Sly. Note also that spontaneous 
ote extinguish with the passing 
t is evident that there is a radical 
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increase of spontaneous jumping on the second 
day that the dog is placed in the apparatus. 
The latter two findings were true of almost 
every animal, and across all CS-US groups. 
They are shown clearly in Figure 4, a plot of 
spontaneous jumping rate during extinction 
for a representative dog. The pattern during 
extinction was, very commonly, for spontane- 
ous jumping first to increase, and then to 
decrease. The initial increase occurs, of course, 


3.00 


DOG K-29 
CS-US: 5" 


2.50 


2.00 


SPONTANEOUS JUMPING RATE 


12345 6789 10 
EXTINCTION DAYS 


Fic. 4. Spontaneous jumping rate by extinction days 
for a representative dog 


several trials after the last shock has been 
received. 


Emotional Behavior 

There were characteristic. differences be- 
tween experimental groups in the kinds of 
emotional behavior exhibited in the apparatus. 
Typically, the 5-sec. animal sat tense, quiet, 
and motionless, facing the barrier, ears pricked 
forward. The animal jumped promptly and 
vigorously at presentation of the CS, perhaps 
with a single yip or gasp. The dog then resumed 


its tense posture in the opposite compartment. 
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The animal made few spontaneous jumps. 
The 20-sec. dog, on the other hand, displayed 
a great deal of agitation belween trials. There 
was much agitated locomotion. The dog paced 
back and forth, bounced frantically up and 
down, climbed the walls, attacked the ap- 
paratus. There was often continual barking 
or whining. The diffuse agitation increased 
perceptibly at presentation of the CS, but the 
dog often vacillated at the barrier before 
jumping. These animals made a great many 
spontaneous jumps. The 20-sec. animals ex- 
hibited unmistakably pronounced gastro- 
intestinal upset, which was almost completely 
absent in other groups. These dogs commonly 
belched and emitted continual stomach 
rumblings. Three of these animals actually 
vomited in the apparatus; another retched 
unproductively throughout an extinction 
session. 

The pattern for the 10-sec. dogs seemed to 
lie midway between the two patterns just 
described. With the 40-sec. animals, the very 
high rate of spontaneous jumping and con- 
comitant diffuse emotionality obscured all 
other aspects of behavior. The most general 
statement that can be made about these data 
is this: as CS-US interval increased, the quality 
of the emotional behavior passed from a 
focalized (about the CS) to a diffuse nature. 

With all animals, there was a notable cor- 
relation between emotional symptoms and 
spontaneous jumping. When a dog, e.g, def- 
ecated or urinated, the spontaneous jumping 
rate tended to increase sharply at the same 
time. Emotional reactions to the CS, in all 
groups, first appeared a few trials before the 
animal began to avoid. The trial of the first 
detectable emotional reaction to the CS oc- 
curred earlier for the shorter CS-US groups. 
With the longer CS-US groups, several dogs 
exhibited pronounced emotional reactions to 
the CS (barking, trembling, lifting paw from 
grid) for long blocks of trials before making a 
single avoidance. Within all groups, defeca- 
tion, urination, pilo-erection, trembling, pant- 
ing, and drooling were common. There were 


no obvious differences between groups for 
these latter measures, 


Control Group Data 


The control groups provide information 
as to the probability of jumping occurring 
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solely as a result of the dog’s having been 
shocked in the experimental situation, without 
the pairing of CS and US. The control dogs 
did make some spontaneous jumps during 
“acquisition.” They made, however, far fewer 
jumps than were made by experimental dogs 
which received an equivalent number of 
shocks. The median maximum grate of the 
control dogs during "acquisition" (cf. Table 4) 
was only 1.0. The controls made aliaost no 
spontaneous jumps during "extinction." Their 
median rate on each "extinction" day (cf. 
Table 5) was zero. There were no significant 
differences between the two control groups. 
We may note, too, that on only 6 scattere 

occasions out of 1,000 trials did a control 
animal jump within 30 sec. of the buzzer 
onset. Thus, for the experimental animals 
both avoidance responses and spontaneous 
jumps must have depended upon the faire 
presentation of CS and US—not on the char- 
acteristics of the US and the “situation as ? 
whole." 


DISCUSSION 
Theory of Avoidance Learning 


'The experimental data are in accord wit! 
the kind of two-process theory suggested 
Mowrer (8) and elaborated by Solomon a” 
Wynne (14. We would expect, by cond 
tioning principles, the strength of condi 
tioning of the emotional reaction to the 
to diminish as CS-US interval is lengthene® 
The trial, and the latency, of the first avoidant? 
response may be taken to indicate just such 4 
trend, if we are willing to infer conditione 
anxiety from the fact of avoidance. When t! 
first avoidance occurs, the dog has alre% y 
learned (by shock-termination) to jump f? " 
cue pattern of shock-plus-fear. We can infe 
that, when the CS elicits intense fear, th 
animal will generalize the jumping respo” 


t 
to the cue of fear-without-shock; the we 
avoidance then occurs (14, p. 16). he 

Were this the whole Story, extinction of b 


avoidance response would begin immediate? 
after the last shock, since the avoidance 
Sponse dissociates the CS and US. Whe” 
however, the avoidance response is foll. 
by CS-termination, the avoidance response. y 
reinforced by anxiety-reduction, This ls 
forcement Wil occur only if the jJ" T) 
terminates the anxiety-eliciting CS (cf. 9, P’ 


E 


p! 
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These theoretical considerations force us 
to note that, after the first avoidance, the 
effects of CS-US interval on the emotional 
response become confounded with differential 
SS ieee of avoidance among the various 
E groups. This is So because the trace- 
E loning procedure is such that, for some 
Em the ayoidance response occurs after the 

nas ceased to act, and thus cannot in theory 

€ reinforced. 
Ten fact is (Table 3) that only in the 5- and 
io gu pos did any number of dogs begin 
€ with, latencies briefer than the CS- 
mei and only in these groups do we find 
e dera to extinction (Fig. 1). The 
Bier bs depicted in Figure 3 complete the 
cede i ith the 5- and 10-sec. dogs, no ex- 
iy a 1s evident; with the 20-sec. dogs, whose 
ue x care latencies exceeded the dura- 
ee he CS, an extinction process is evident 

3 E hout the latency curve. (The latency of 

$ i avoidance is presumably determined 
a fun latency of the emotional reaction, itself 

Ction of CS-US interval.) 
ey ens labored formulation is sup- 
Bev Y the data of a study of the CS-US 
conditi In avoidance employing a delayed- 
conditio i procedure (2, 13). The delayed- 
na ene. E procedure is so structured that, 
cm er when the dog responds to the CS, the 
anes € Is at once followed by CS-termination 
Tënt y-reduction). This inevitable reinforce- 
ichi would be expected to make all animals 

Y resistant to extinction, and thus to 

Scure differences between CS-US groups. 
a would thus expect Brush, Brush, and 
ee 5 finding that, with CS-US intervals 
With; 3 to 80.0 sec., “failure of extinction” 
ram 200 trials was the rule for all CS-US 
RSA The “failure of extinction” seems to 
od upon the use of a delayed-conditioning 
fo à ure, which allows the avoidance response 

€rminate the CS. 
that Bods on alternations (Table 2) indicate 

d least in the present and similar studies 
ment i aperiodicity of primary reinforce- 

P ) is not the most important determiner 

Sistance to extinction. 


Sho 
7 
taneous Responding and Anxiety 


T ; 
tine have been very few studies of spon- 
nom S intertrial responding. The phe- 


& t 
790, noted briefly in experimental papers, 


seemed readily assimilable to existent theories. 
The usual assumption has been that spon- 
taneous responses result from conditioning to 
generalized apparatus cues (cf. 4, p. 76; 11 
p. 89). That is, apparatus and/or propriocep- 
tive cues which have occurred in contiguity 
with shock (or shock-termination) might be 
expected to elicit the response. This ad hoc 
assumption, however, seems inadequate in the 
light of the data. Why do the control dogs, for 
which apparatus cues and shock occur in 
contiguity, fail to make spontaneous responses? 
Why is there an effect of CS-US interval on 
spontaneous responding? 

The data seem to support Mowrer and 
Lamoreaux’s (10) assumption that spon- 
taneous responses may serve as an index of 
underlying anxiety. The correlation between 
symptoms of emotionality and spontaneous 
jumping has already been cited. The high 
rates of spontaneous jumping, further, were 
associated with a particular quality of emotion- 
ality—the “diffuse” pattern. The dogs trained 
with long CS-US interval seemed continually 
agitated and responded continually. The 
spontaneous responses seemed, in Mowrer and 
Lamoreaux's sense, to reflect a nondiscrimi- 
naled anxiety. 

The differences in emotional patterns be- 
tween short and long CS-US groups are 
reminiscent of the clinical distinction between 
“bound” and “free-floating” anxiety (3). The 
control group data are particularly suggestive 
in this respect. The control groups showed 
very little diffuse emotional upset in the ap- 
paratus, and very little spontaneous respond- 
ing. That is, they did not exhibit the “free- 
floating" pattern of emotionality. The data 
thus suggest that free-floating anxiety may 
result only when a signal and trauma occur in 
such a way that it is difficult, but not impossible, 
for the organism to "bridge" the two events. 
Trauma alone is not sufficient to elicit the 
diffuse pattern of emotional agitation, nor is 
trauma preceded by a distinct, highly con- 
tiguous signal. 

These observations, irritating though they 
may be to current S-R formulations, are not 
without parallel. Working with goats, Liddell 
(6) has reported that regularly repeated shocks 
without a preceding signal leave the animal 
undisturbed. The same shocks, when pre- 
ceded by a CS, lead to “experimental neurosis.” 
The nature of anxiety and avoidant emotion- 


Fic. 1. Monkey 153 responding to screw eye on test 
board 
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PER CENT CORRECT RESPONSES 
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a test block. The four training periods for each dis 
crimination problem. were conducted on Thursday, 
Friday, Monday, and ‘Tuesday, respectively. between 
11:00 and 12:00 a.m. 

An individual trial was begun by removing the 
to present the test board and terminated by re 
the screen 1 min. after the first response of the animai 
to à screw eye, a "response" being defined as touching 
the object with fingers or mouth. A trial was terminated 
5 min. after initial exposure if the animal failed to re- 
spond. The Æ used the Audograph to record, in coded 
form, touches, removals, and other relevant. behavior 
such as evidences of distraction and lac k of motivation, 
and subsequently transcribed and tabulated the records 
A trial was concluded by interposing a screen between 
the monkey and the test board. A standard daily ses 
consisted of one 


screen 


sion 


trial on cach of four test boards pre 
sented in. random order, 
practice was on days 1 
days, eight test bo 
Wi 


The only exception to this 
and 2 of problem 1. On these 
ards were presented. This procedure 
abandoned 
diurnal satiation cflects, 


subsequently 


because of observed 


The colors of the paired members of the serew-eve 
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TIT | Bi 


stimuli and the experimental sequence are as follows: 
tay red-green. th) pink-blue. (di 
black-orange, te) white-orchid, (7) maple-cream, and 
v) light green dark blue, the first color of each pair 
positive for monkeys 102 and 147, the second 


tive for monkey 153. A two-week rest. period was 
E 


brown-yellow, (ei 


1 
I 


interposed between problems 5 and 6, 


RESULTS 
hi 
Figure 2 presents the mean percentage ol 
Correct responses made on days 1 te + of 
problems 1 to 5 and problems 6 and 7. The 
scores were obtained by dividing the total 


number of made by all 


correct 


responses 


—— PROBLEMS 1-5 
---- PROBLEMS 6-7 


3 4 
DAY 


2. Ratio of correct to total responses 


animals on a given day by the corresponding 
total number of responses made prior to and 
including the final Correct response. A correct 
response was defined as the removal of a correct 
object. An incorrect response was defined as 
the touching of an incorrect. (nonremovable) 
object or the touching of a correct. object 
without. removal. By this scoring system the 
number of correct responses is finite and the 
number of incorrect responses is limited only 
by time. 

The curve for problems 1 
gressive increase in the 
responses. The difference between the day 1 
and day 4 scores was found by a / test on 
arcsin-transformed percentage correct response 
scores to be significant at 
level. The same data were 
second s 


to 5 shows a pro- 
percentage of correct 


the .05 confidence 
also scored by @ 
sstem, in which the only responses 
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OBJECT DISCRIMINATION BASED ON MANIPULATION MOTIVES 


ONSES 


o 
o 


——- PROBLEMS 1-5 
----PROBLEMS 6-7 


! 2 3 4 


ua DAY 
Pairs op st Ta of correct initial responses. to 


MEAN NO. RESPONSES TO PAIRS 


D 
3 4 5 6 7 


Pio a, Ug PROBLEMS 

Necessivg Probie net Pulatory responses made on seven 
Counte, 
ve up the initial ones to each of the 
ombe x A stimuli. This system equates the 
pect & ‘sponses that can be made to the 
* data : incorrect stimuli. Figure 3 presents 
mee t tea in this manner. It may be 
thoq S the Curves derived from the two 

2 The ius eng are very similar. 
spud j "es problems 6 and 7, Figures 
bees in. X the percentage of correct re- 
day peek Test ed problems following the 
6 ang Of Problem, erval. The difference between 
Droi, » and th S 1 to 6 and day 1 of problems 
ems 1 to = difference between day 4 of 
Ot signi and day 4 of problems 6 and 
(Big bya, d icant at the .05 level as deter- 
Shoe e Failus t on arcsin-transformed scores 
ewe, E to obtain significant differ- 
Cores for the first days on the 


~ 


on 


120 


115 


lo 


105 


MEAN NO. RESPONSES TO PAIRS 


loo 
D 2 3 4 


DAYS 
Fic. 5. Mean number of pairs of stimuli manipu- 
lated 


two sets of problems is interpreted as lack of 
evidence for learning set formation. 

Figure 4 shows the total number of pairs of 
stimuli responded to in each problem. Per- 
sistence of the manipulation motivation is 
indicated by the fact that / tests reveal no 
significant drop in the curve, not even follow- 
ing the two-week rest period interpolated 
between problems 5 and 6. Figure 5 presents, 
by days, the mean number of pairs of stimuli 
responded to by the three animals for the 
seven problems. There are no significant 
differences between adjacent points on the 
curve, as determined by / tests. 


DISCUSSION 


The present study has demonstrated pro- 
gressive improvement in performance on seven 
nonspatial, object-quality discrimination prob- 
lems in the absence of homeostatic drive 
reduction. These findings are, in general, 
consistent with those of the early manipula- 
tion drive study (4), which showed a high 
level of performance efficiency on a puzzle 
problem after 12 days of training, and a later 
study (2), which yielded a typical negatively 
accelerated learning curve for the entire course 
of acquisition on a more complex puzzle 
problem. The fact that the form of the learn- 
ing curves of the present study is more nearly 
linear than negatively accelerated may be a 
function of the short duration of each problem. 

Harlow (2) showed that repeated massed 
presentations of a puzzle during a single day 
resulted in a significant decrease in the number 
of puzzle devices manipulated. In considera- 
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tion of these results, the present experiment 
was designed so as to minimize any such 
satiation effect. Restriction of the number of 
presentations to four boards a day and a two- 
day rest interval between days 2 and 3 of 
each problem were provided for this purpose. 
In addition, the two-week rest period was in- 
terpolated between problems 5 and 6 to permit 
“recovery” from any satiation effects accruing 
through problem 5. Actually, there was no 
apparent satiation throughout the entire series 
of seven problems. On the contrary, there was 
a marked persistence of manipulation motiva- 
tion, and the two-week rest period evidently 
had little effect. 

The theoretical implications of this and 
related studies have been discussed in a recent 


symposium (3), 
SUMMARY 


1. Three rhesus monkeys showed significant, 
progressive improvement in seven discrimina- 
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tion problems om the basis of manipulation 
motives. 

2. Significant improvement on successive 
problems was not demonstrated. 

3. Manipulation motivation as meesured 
by response frequency persisted with no sig- 
nificant decrement throughout the seven 
problems of the study. 
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THE EFFECTS OF EARLY RESTRICTION ON ACTIVITY IN DOGS! 


WILLIAM R. THOMPSON Ax» WOODBURN HERON 
McGill University 


E last decade it has been well established 
tisice aad that restriction of early expe- 
finr ES detrimental effect on the later 
carly = ability of rats, whereas enrichment of 
Eos has a favorable effect. 

cGill ud a program has been initiated at 

oroughh the purpose of investigating more 
ife on ther the effects of restriction in early 
of dogs, D psychological characteristics 
tory of b genus offers a much broader reper- 
Quently à havior than the rat and is conse- 
the probl more fruitful subject for study of 
ary Ty under consideration. A. prelimi- 
affects oh (2) suggested that early restriction 
Vation, em only learning ability, but also moti- 
o Servatio otionality, and social behavior. One 
© be of n reported in this study we regard 
Cems an aed importance in that it con- 
Psychologie that may be basic to all other 


that Se changes. This was the finding 
Nore ee dogs explored more (were 
Sit ve) than normal animals in a familiar 


uati 
leve ie and that in an unfamiliar one, their 
Equal to activity, while being initally about 
Slowey r that of normals, fell off at a much 
Situation re with repeated exposure to that 
a Dres T he authors interpreted these results 
Broups A a difference between the two 
for dien: stimulation value" or "capacity 
Smal] AUN Since these data were based on 
io ds and, in addition, showed nothing 

is im Dersistence of the effects observed, 
Selegg, gPortant that they be verified and 


ANIMALS 
a Wen 


<hty Scotti " 

wein 5 eds terriers, 13 males and 7 females, all 
Proce Sed i En litter of the Bar Harbor strain, 
Week, dure Was experiments reported here. The rearing 
en cach lite. follows: at the time of weaning (four 
of b anda ae was divided randomly into an experi- 
home. the conte control group. Up to eight months 
erie Or in the oe were raised as pets either in 

e wa, "E oratory. In this way, their early 
t In e as wide and as diversified as pos- 
he p US res 
R earch was 


E Ock 
1d "eller F, 


supported by a grant-in-aid from 
gs A summary of it was pre- 
eetings in Boston, Mass., in April, 


at the EPA 


sible. Two of the normal dogs (in the youn 

however, had to be returned to the ee 
living in homes for only four months. Consequently, 
they cannot be regarded as being as “free” as the 
others, although during the last four months prior to 
testing they were given as much freedom as possible 
and allowed to exercise outside daily with older animals. 

E Three degrees of restriction, severe, moderate, and 
slight, were imposed on the 12 experimental dogs up to 
seven to ten months of age. 

Severe restriction consisted in raising two animals, 
each in complete isolation, in small wooden boxes ap- 
proximately 26 by 26 by 40 in. which were lighted on 
alternate days only. To ensure that these dogs gained 
no additional perceptual experience during daily clean- 
ingand feeding, each box had an adjoining compartment 
identical in size and shape which the dogs would enter 
each day for their daily ration of food. The sliding door 
between the two sides was then closed and the side 
previously occupied by the animal was cleaned in 
preparation for the next day. A small panel in the top 
of each compartment permitted observation during the 
period of restriction. 

"The seven moderately restricted dogs were raised in 
groups of two or three in ordinary metal living cages 
24 by 32 by 72 in. The front of each cage was covered 
with cardboard to prevent the occupants from seeing 
out, but the top was left uncovered in order to allow 
light to enter. Thus, these animals differed from the 
severely restricted Ss in that they had more space 
available and had cagemates. 

The three slightly restricted animals were also 
reared in living cages, but neither the fronts nor the 
tops of the cages were covered. Further, unlike the 
other restricted dogs, these animals were handled oc- 
casionally and taken out periodically into an adjoining 
room for clipping and medication. They were not al- 
lowed access to any other environment, however, so 
that their experience was limited in comparison with 
that of the normal animals. 

Early restriction as described above appeared to 
have no appreciable effect on the health or vigor of the 
experimental animals. Their weights and appetites were 
normal. Their initial behavior on being removed from 
restriction has already been reported (2). At the end of 
eight to ten months all dogs, normal and experimental, 
were kept in the laboratory and given identical treat- 
ment. 

All Ss could be further divided according to their 
age at the time of testing into three groups, as shown in 
Table 1. It should be noted that severe and slight 
restriction were imposed only on the young group of Ss. 

Previous to the experiments described below, all 
animals had taken part in other tests and had had con- 
tact with other dogs and with the Es. No S showed any 
timidity in the tests described below. 
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TABLE 1 

Breakdown of Ss according to Age, Sex, and Rearing 
Conditions 
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used. The differences between mean scores of 
each session separately and over all four ses- 


sions together were examined in this way. It 


was found that restricted dogs were more 
active than normals in Sessions I (F = 75.34, 
$ < .001) and III (F = 6.30, p < .05) andover 
all four together (F = 12.66, p < .01). In Ses 
sion II, the difference was significant when the 
two dogs of the older group were omitte 
(F = 5.43, p < .05). Similarly, younger dogs 
were significantly more active than older a 
Sessions I (F = 59.17, p < .001), II (F F 
8.88, p < .01), III (F = 7.55, p < 01), a2 


AGE GROUP REARING CONDITIONS MALE see 
Old (2-4 years) Normal . 1 1 
Moderate restriction | 2 
Middle (134-2 Normal 2 2 
years) Moderate restriction | 2 3 
Young (9-10 Normal 1 1 
months) Slight restriction 3 
Severe restriction 2 
EXPERIMENT 1 
Procedure 


Eighteen dogs were used in this experiment, 7 normal 
and 11 restricted, 1 old normal and 1 old restricted 
having been omitted. The study was carried out in a 
small room (approximately 8 by 6 ft.) familiar to all 
the Ss inasmuch as all of them had been in it on nu- 
merous occasions for trimming, clipping, and medica- 
tion. The floor was cleared of all movable objects. Each 
animal was taken to the room and allowed to move 
about and explore freely during four daily 14-hr. ses- 
sions. The observer sat quietly on a stool at one side of 
the room. The time was recorded during which a dog 
was active, i.e., not sitting or lying down. 


Results 


The mean times in seconds spent by normal 
and restricted dogs in activity are presented 
in Table 2. It is clear that the restricted dogs 
were much more active in the situation than 
the normal animals. 

The animals used came from four litters. 
A comparison of normal and restricted within 
a litter showed that there were no cases of 
overlap in activity scores in Session I, 1 case 
in each of two litters in Session II, and 1 case 
in one litter and 2 in another in Sessions III 
and IV. With total scores, there was 1 case of 
overlap in each of two litters. To examine the 
differences statistically, both in this experiment 
and in the next, the authors used analysis of 
variance, with method of rearing (two groups) 
and age (three groups) as variables. This 
allowed the effect of each to be dealt with inde- 
pendently of the other. In the young group, 
the mildly and severely restricted dogs were 
combined. Dogs of different litters were also 
combined where necessary. To correct for the 
unequal numbers in the groups, Tsao's method 
of expected proportional frequencies (5) was 


IV (F = 19.19, p < .001), and over all four 
sessions together (F = 22.89, p < .001). d 
triserial correlation computed between age a 
activity gave a coefficient of —.589, (p < 0 a 
In this analysis, only the interaction in ES 
sion I was significant (F = 10.78, p < 0 A 
indicating that the effects of restriction x 
activity showed up most clearly in the mid : 
aged group. In this session, the interaction pa 
combined with the “within” to test the ma 
effects. In the other sessions and over all fou 
together, however, the interactions were d^ 
significant, indicating that the main variab 
were independent and that the effects of i 
Striction are fairly permanent. Thus, iy od 
reared animals in the middle-aged grouP (r " 
moved from restriction for over one year) W? r- 
more active than their normally reared litter 
mates over all four sessions combined (/ se 
3.85, p < .01). This did not apply in the C* 
of the old group, however. «ted 
There was a tendency for severely restt}© ed 
dogs to be more active than slightly restrict all 
but this difference was not great. Since he 
the moderately restricted animals were i? ip 
two older age groups, it was not possib a 
either experiment to compare their 5C? nd 
legitimately with those of the slightly fpe 
severely restricted dogs, which were all i? 
younger group. gjo” 
All the dogs grew less active from one 565 p 
to the next. The activity of the restricte? i „p 
mals, however, declined at a faster rate * ce 
did that of the normals, so that the difíe?^, y 
between groups was greatest on the first 
and smallest on the last day of testing: ity 
To compare the rate of decline of ac 
of normal and restricted animals within ? ip. 
sion, each 14 hr. was divided into three 10 joð 
periods and the activity during each P 
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ae Eu. An average was taken of the 
on e Data were obtained for nine dogs. 
six were re normal (one old, two young), and 
young). Tr restricted animals (one old, five 
ted dogs "X sengal the activity of the restric- 
elite ed to decline at a slower rate from 
of the ae ye last 10-min. period than that 
Stoups was im. ne the difference between the 
i Ofer hae Statistically significant. 

tank-order o check the reliability of the test, 
Ween each correlations were computed be- 
Ogs. The f rie and every other, for all 18 
8 Prt ng results were obtained: pr 11, 
( Mon 3 7 a Y^ Pir IID 7713 on IVs 
fs Qu °° these are significant 
tivity d os significant differences in ac- 
Normal Nae d for boredom”) between 
MN three o restricted dogs were demonstrated 
limited S of four daily 14-hr. sessions in a 
nd relatively homogeneous environ- 


Rent, A 
activity was related inversely to amount of 


Methog EXPERIMENT 2 
Abpara 
Sused, rrt this experiment, a seven-unit maze 
Path arranged own in Figure 1, it consisted of eight bar- 
Ly 9n the eh as to form two rectangles, with the 
Th hich Was in ra and across the center. In Session 
the, dimensions arge room, wooden barriers were used. 
ing im were 5i the outside, formed by the walls of 
ft, T, Teci ngles, f by 18 ft. and the dimensions of the 
blin sting in thi ormed by the barriers, were 15 by 4 
tee ràwn o as Session was carried on at night with 
M E rua the windows of the room and constant 
ing ll fi Seid Session II took place outside in a 
Proba is Sian the road and the laboratory. Test- 
Com able that "a was done during the daytime. It is 
Plex th € situation here was considerably more 


bag 

SI an P A 3 

Bte; x aze he involved in Session I. Although the 
ied Variety ben used was the same, there was a 


me. *Vaila] visual and auditory stimuli (traffic, 
ped PE ds perimeter of the maze in Session II 
Tage t is cage, p de and the inner barriers 1134 by 5 
b, 9f chick Es the outer and the inner parts were 
In adure. AN 20 à 
a day Session, the 
tria ae two tits 


dogs were used in this experiment. 
Hos given two 10-min. trials, one 
asf utive days. The procedure in each 
then E Starting S a dog was eda into the maze 
high lowed i oint marked S in the diagram. It was 
ach t Was ta) ae about freely for 10 min., after 
fa fone e o e Out and returned to its cage. During 
pee an ord was tae sat quietly outside the maze at 
ie Sed the gi ine of the path of each animal during 
ters ile 10. D-sec. periods which together com- 
Stin, d. An ee trial. Scoring was in terms of feet 

mals were fed 4 to 6 hr. previous to 
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S 
(0) 


Fic. 1. The maze pattern used in Experiment 2 
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Fre. 2. Activity curves of normal and restricted dogs 
in the two trials of Session I 


Results 
Session I. Curves of activity in the two trials 
of the indoor session are presented in Figure 2. 
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TABLE 2 
Mean Times in Seconds Spent by Normal and Re- 
stricted Dogs in Activity during Four Half-hour 
Trials in a Uniform Situation 


SESSIONS 
CONDITION 
T I IH IV M 
Normal 884.14| 993.28| 752.71| 755.86| 846.50 


Restricted 11519.18/1360.9111218.27|1015.45/1278.45 


TABLE 3 
Mean Total Feet Explored by Three Age Groups of 
Normal and Restricted Dogs in Two Sessions 
of Two Trials Each 


SESSION I SESSION II 
AGE GROUP AND COND. 
A B A B 
Older 
N 150.5 | 162.5 | 483.5 | 302.0 
R 140.5 | 390.5 | 799.5 | 472.5 
Middle 
N 250.0 | 275.0 | 427.3 | 307.8 
R 433.2 | 461.4 | 762.2 | 468.2 
Young 
N 500.0 | 599.5 | 757.5 | 524.5 
R 583.0 | 499.6 | 518.8 | 465.6 


Mean scores of normal and restricted animals 
in the three age-groups for each trial of the 
two sessions are shown in Table 3. It is clear 
from these that restricted dogs were much 
more active than normal animals. In trial A 
the two groups started out at about the same 
level for the first two 100-sec, periods, after 
which point the activity of the normals de- 
clined at a much faster rate than that of the 
restricted dogs. A comparison of normal and 
restricted dogs within each of the five litters 
used in this experiment showed only one case 
of overlap in one litter. Since the groups were 
not as markedly different during the first two 
periods, only the last four were compared 
statistically. The F tests were used in much 
the same manner as in Experiment I (Tsao’s 
method of expected equal frequencies), with 
method of rearing and age as variables. Re- 
stricted dogs were significantly more active 
than normals in this trial (F = 18.59, p < 
001), a difference which held when the three 
mildly restricted animals were omitted from 
the analysis to equalize the groups (F = 5.80, 
$ < .05), and younger were significantly more 
active than older dogs (F = 11.61, p < 01). 


A triserial correlation computed between age | 
and activity gave a coefficient of —.759 (P 
« 01). , 
Since the interaction in the above analysis 
was not significant, we may conclude thàt age 
and method of rearing were independent. The 
effects of restriction do not disappear with Ei 
In fact, the difference between the normal an 
restricted dogs is more marked in th» middle- 
aged and old group than in the young grouP: 
as shown in Table 3. The reversal in the 0 = 
group in trial A was caused by the very loy 
score of one restricted animal, but otherwi5 
the trend is clear. A 
In trial B of this session, the difference be 
tween the two group was smaller (F = 2d 
p < .10) over all six periods. Omitting pp 
younger dogs, the six middle-aged and old Es 
mals were significantly less active than tf 
seven middle-aged and old restricted (F E 
6.68, p < .05), and within the three litte 
from which these dogs came, there was OP 
one case of overlap in one litter. As in the 
trial, activity varied inversely with age (F 
6.07, p < .05). The triserial correlation 1): 
tween age and activity was —.627 (p < 0 a 
As in trial A, the difference between not S 
and restricted dogs in the two older em. 
was still as large as, or larger than, that the 
tween normal and restricted animals in 
young group. ane 
Both groups were more active in trial ; 
than in trial A and, as shown in Figure 2, me 
activity curves declined less steeply. In i 
A the mean drop in amount of activity f° d 
period 1 to 6 was 79 per cent for normals p 
60 per cent for restricted dogs (mean droP ial 
both groups together was 67 per cent). In Ut 
B, mean drop in activity was 34 per cent " 
normals and 40 per cent for restricted 4? 8 
(mean drop for both groups together Wa? ^. 
per cent). Correlation between total scor g 
between the two trials of Session I for 2! 
dogs was .796 (p < 01). «ted 
In both trials, the two severely restri? 
dogs were more active than the three slig” ip 
restricted animals. Their mean total scores 
trial A were, respectively, 688 and 513 " 
and in trial B, 635 and 409 ft. Although |, 
two groups are small, there was r.o overlP 
tween their scores in either trial, Conseque? c 
it seems likely that there is a real differ?" 


z 
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1 BoA cit 

i * Ac 

A the two t tivity curves of normal and restricted dogs 
tials of Session II 


twee 
of aa and that this is a direct result 
e o icion, 
$ E eue of activity of the normal 
ession ar dogs in each trial of the outdoor 
anim; n Presented in Figure 3. Restricted 
In thi E Still more active than normals 
li Not signing but the difference between them 
aea of mi deer However, within the three 
tw Càse of o e-aged and older dogs, there was 
WO Cases of verlap in one litter in trial A and 
the ave Ae in the same litter in trial 
C Yin the ind showed a higher activity level 
relation b oor session (t = 2.71, p < 01). 
z eee trials was .627 (p < .01). 
ae mes in this session was about 
1 A, the m € average, as in Session I. In 
6 was 66 ean drop in activity from period 
: ps "y a) normals, 54 per cent 
) mean for both groups was 60 
als and" om trial B, 60 per cent for nor- 
cent for restricted dogs (mean 
te o nee was 35 per cent). 
In this = iction had no significant 
Vary Wi ewe and amount of activity 
io, ?, howey age. It should be noted from 
the 9h the ap; 7 that in both trials of this 
the cla and Tumals of the young g lik 
hres middle- young group, un e 
“Vious tre e-aged, showed a reversal of 
t less "s The young restricted were 
Ctive than the young normals. 


the go Tat 


: To summarize, significant differences in ac- 
tivity between normal and restricted dogs were 
found in both trials of Session I, which ases 
a fairly uniform environment, but in neither 
trial of Session II, which was outdoors and less 
uniform. In Session I, severely restricted dogs 
were more active than slightly restricted, and 
younger more active than older. Neither com- 
parison was significant in Session II. . 


DISCUSSION 


The results presented verify the findings 
reported by Clarke et al. (2). Dogs restricted 
in early life are more active than normal ani- 
mals, severely restricted more than slightly 
restricted, and younger more than older when 
the situation is simple and homogeneous as in 
Experiment 1 and Session I of Experiment 2; 
these differences did not appear in Session IT 
of Experiment 2. The results further justify 
the conclusion that the effects of restriction 
endure for some time after the actual restric- 
ting conditions have been removed. 

A question of some importance concerns the 
nature of the parameter studied in the experi- 
ments presented above. Although the term 
“activity” has been used in describing the 
behavior of the dogs, it might more accurately 
be called “exploratory behavior.” This is im- 
plied by the fact that it characteristically 
showed a decline with time in all the tests 
given. There would be no reason to expect 
such a tendency were the behavior being 
studied merely general activity, since the 
latter, as measured by an activity wheel, is 
cyclical or random and largely independent of 
the environment. While it is possible that the 
decline was due merely to motor fatigue, we 
feel this is unlikely. A normal, healthy dog 
does not generally become tired in only 10 min. 
Furthermore, it is difficult to see why dogs 
raised as pets should become fatigued more 
quickly than animals raised in restriction. 
Consequently, though both general activity 
and exploratory behavior may have been in- 
volved in the experiments, the second almost 
certainly predominated. No mentalistic inter- 
pretation of exploration is implied. It is merely 
activity initiated by a state in the organism 
which we may call, after Berlyne (1), "curios- 
ity," which is, in turn, aroused by novel 
environmental stimulation. As the latter im- 
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pinges on an organism over a period of time, 
curiosity, and hence exploration, diminishes. 
The question of how restriction operates to 
produce the lasting effects described is a diffi- 
cult one to answer at present. As Hebb has 
already suggested in another connection (3), 
it seems likely that the early part of an indi- 
vidual’s life is of great importance in deter- 
mining his psychological make-up, and in fact, 
is more important than later life. Not only 
the relative effects of brain damage on young 
and older patients as described by Hebb (3), 
but also the relative effects of early and late 
restriction in rats as studied by Hymovitch (4) 
and Wolf (6) indicate that this is so. More 
drastic changes can occur when the individual 
is still immature. Since exploratory activity is 
directly dependent upon perception, it is not 
surprising that it should be markedly affected 
by restriction of early perceptual experience. 
The restricted dogs had perceived less of the 
environment and consequently had had less 
opportunity than the normal animals to form 
general perceptual schemata into which novel 
stimuli might be fitted. In this way, at least, 
they were psychologically retarded and, as the 
results showed, acted more like the young nor- 
mal animals. Both their general behavior and 
performance on problem-solving tests support 
this hypothesis, although further research will 
be needed before it is definitely established. 


SUMMARY 
The experiment was designed to examine 
the effects of restricting the early experience 


of dogs on their (exploratory) activity later in 
life. 


Restriction, of three degrees of severity, 


was imposed on 12 Scottish terriers for the first 
seven to ten months of life. Their 8 littermates, 
reared as pets, served as normal controls. The 
animals were tested at various ages in two 
experiments involving situations of varying 
complexity. i 

The results of these experiments. justify the 
following conclusions: 

1. Exploratory activity in dogs declines 25 
a function of time of exposure to the situation. 

2. Restricted dogs explore significantly more 
than normal animals. 

3. Severely restricted dogs tended to explore 
more than slightly restricted animals. 

4. Younger dogs explore significantly more 
than older animals. 

5. In testing conditions in which the mea? 
activity of all dogs is raised significantly, the 
above differences do not hold. 
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hoe REN AND AVOIDANCE GRADIENTS AND CONFLICT 
HAVIOR IN A PREDOMINANTLY TEMPORAL SITUATION? 


W. K. RIGBY 
VA Hospital, Jefferson Barracks, Missouri 


@ 
i eie of conflict behavior is of major 
orders and j oth in theories of behavior dis- 
Psychological ied of the problems met in 
mental and rh inics. A great deal of experi- 
Sion ig eoretical work has been done in 
and useful ae the concept more meaningful 
clinically b n apparent relationship is seen 
Severe eun En behavior disorders and 
Studies Mus Evidence from experimental 
jected to co + Aboratory animals are sub- 
cult diei itions such as those calling for 
ol mieten QUNM support these clinical 
Produced a The experimental neuroses” 
Sidereq anal many such studies have been con- 
behavior be to the disturbances in human 
Shown in the clinical situation. These 


vorat : 
Liddell (gj ^ dies have been summarized by 


of "we et extensive treatment of the concept 
(9). He 5 behavior, however, is that of Miller 
Ovland aan the work of Lewin, Sears, 
lear ng Tike ull, and others, and has included 
Kal an, Principles in a comprehensive theoret- 
havior į €xperimental analysis of conflict be- 


Mil T noe spatial situations. 
ior, à a consideration of conflict be- 
styg? ĉl of nces four fundamental assump- 
Udies g anes have been supported by the 
town (3). These assumptions as 
in ler are: 
e 
Dt i to approach a goal is stronger the 
adient is to it. This will be called the ap- 


tendi 
Ced to go away from a place or object 
led the T the nearer the subject is to it. This 
s nodance gradient. 
, Carnes [s 9f avoidance increases more rapidly 
5 it may be n does that of approach. In other 
than the Said that the avoidance gradient is 
e strength reach gradient. 
Ties wit ao the tendencies to approach or 
€ strength of the drive upon which 


his stu 
; Stud 
‘Jou diversity bed done when the writer was at Indi- 
Ade 9r his gen Preciation is expressed to Dr. S. W. 
5s, Waccount erous advice and assistance. A con- 
Ashington S Presented at the Amer. Psychol. 
> D. C., September, 1952. 


e 
is 
ec 


83 


they are based. Thus, an increased drive may be said 
to raise the height of the entire gradient (9, pp. 433-434). 


The supporting studies by Brown included 
an additional assumption, i.e., that the greater 
the tendency to respond, the harder the organ- 
ism will push or pull against a restraint. 


PROBLEM 


The first objective of the present experiment 
is to examine in a predominantly temporal 
situation the first three of Miller's four assump- 
tions. The second objective is to study the 
Ss’ behavior in a conflict situation emphasizing 
temporal aspects in order to determine whether 
or not this behavior supports the deductions 
which can be drawn from the three funda- 
mental assumptions. 

Previous studies of these assumptions have 
involved simple spatial situations which 
tended to neglect temporal factors. More 
complicated life situations frequently include 
partly nonspatial sequences in which temporal 
factors play a more important role. This experi- 
ment is designed to test whether or not these 
hypotheses may be of value in analyzing situa- 
tions in which temporal factors are emphasized. 


METHOD 
Subjects 


Four male albino rats, without previous experi- 
mental histories, were the Ss used in this experiment. 
They were approximately 75 days old at the beginning 


of the experiment. 


Apparatus 


The apparatu: 
by Bijou (1, 2) 


s used (see Fig. 1) was that devised 
in developing & conditioning metho- 
dology for studying conflict behavior in the white rat. 
The rat is restrained in the following fashion: Its head 
is placed in a stock which is locked with a thumb screw, 
and a closely fitting wire cage fits over its body, which 
remains in a natural sitting position. The stock and 
body cage rest on a slide which moves forward approxi- 
mately 3 in. from the “between-trials” position to the 
“trial” position. A food tray can be automatically pre- 
sented through a slot in a panel just in front of the 
stock so that it rests just in front of the animal’s head 


e 


twn, 


^ 


LISSE 


AAA 


Tas. 1. The Bijou conditioning apparatus 
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wh ee OE 
ed is in its forward position. Punishment 
Eas i a continuous electric shock can be ad- 
around the me a loop of wire fastened securely 
light in the c imal's body, just behind the front legs. A 
iy Serves es of the panel directly above the food 
ood, and a p stimulus associated with 
ssoriated M “=e as the negative stimulus 
o 

S d regem record the period during which 
Punishment stimuli are activated, the onset of the 
the e s the availability of the food tray, and 
Movement of thes animal, i.e., forward and backward 
and moves th e stock. The stock is hinged at the base 
the ditection ne an arc of approximately 20°. Thus, 
Can be Scere and latency of the response 
in all cases j ely measured. The unit of measurement 

© activity S a 1-mm. deviation from the base line of 
tending fro marker on the polygraph, the range ex- 
auditory E +20 to —20 units. Extraneous visual and 
Screens ee were eliminated by the use of black 

d a constant masking noise. 


Proced, ure 


Tabituati 

Were A Ta For 23 consecutive days the animals 
Decial feeder ed to the stock and holder by means of 
t5 Were REDE to the feeder in the apparatus. 
sche, nd of the ae to the movement of the food 
i edules were slide in the apparatus itself. Feeding 
PPetimental s, Arranged so that at the start of each 
thee for 22 hy s the animals had been deprived of 
of th Periment " et mash was used as food throughout 
apparatu nd was always present in the food tray 
T Of foo Es hs that the presence or absence of the 
ay proach « d not serve as a discriminative stimu- 

was PProac], ¢ or to withdraw. 
lig; cùn, eae onie; The regular training series 
CS ATY trainin € day following the conclusion of pre- 
Olloweg 8, with the presentation of the positive 
Y the forward movement of the slide and 


Drege, 

: Dtati 

Bi lon : 

sq trials food in the food tray. Each animal was 
ing, Seventh , day for five days, 22 trials on the 
tirs. Twe days, and 23 trials on the eighth and 
the che recor e D were given on the tenth day, 
A tyulations of ae trials, 191 to 210, was used in 


Consi 
moe ted of (a) presentation of the CS, (b) 


Th, arte A ay the forward movement of the slide 
teas dela: * same time the CS was presented. 
here ed so tees Period was introduced and gradually 
48 à 1 ES om the sixth through the tenth days 
pte ang ii delay period. This provided the 
anch Ru teva which measurements were taken 
animals adient, p ments for calculations of the ap- 
Mimaps activity cm the continuous record of the 
» Measurements were taken of each 
» ure points in the 10-sec. interval. 
Be à a 7.5 E t te beginning point; 
i .0 sec., i.e., just before 

b. con eb ggpjguet of the slide. "p 
Clusion "2e training. On the day following 
Positive conditioning the animals 


ese b Position a 


were given 20 avoidance conditioning trials with no de- 
lay period. Thereafter positive and negative trials 
were presented in blocks of five trials so that over the 
period of differentiation training equal numbers of each 
were presented. Twenty trials were given each day, 
and the first block each day was varied from positive 
to negative in a random manner. There was a 10-sec. 
delay period between presentation of the CS and 
movement of the slide on all trials after the first day. 
On each trial in which the negative CS was presented 
the animal was given mild shock unless S pulled iHe 
stock backward, breaking the shock circuit. 

A criterion of differentiation independent of the 
animals! behavior affer the food or shock was pre- 
sented was stated in terms of appropriate forward and 
backward movements during the 10-sec. interval 
when the CS alone was present. If the animal pressed 
forward against the stock, moving the activity marker 
more than one unit during the delay period on the 
positive trials, S was considered to have made the cor- 
rect response. If it made no forward movements of one 
unit or more during the delay period on the negative 
trials, S was considered to have made the correct 
response. From the binomial expansion it may be cal- 
culated that for the animals to make the correct re- 
sponse eight times out of ten would occur by chance 
less than 5 per cent of the time. This was chosen as the 
criterion of differentiation. 

Conflict. The conflict phase of the experiment was 
begun for each animal on the day following its meeting 
of the criterion of differentiation. The actual conflict 
situation was preceded by five approach trials and five 
avoidance trials, in that order. Thereafter, both CS 
were presented simultaneously on each trial, consti- 
tuting an approach-avoidance conflict situation. 
Measurements of each animal's activity in this situa- 
tion were obtained. Food or shock, as scheduled, was 
presented on each of the ten preliminary trials, but 
neither food nor shock was given on any of the conflict 
trials. Conflict trials were continued until the animal 
met a criterion of extinction of neither approach nor 
avoidance movements of one unit or more of the activ- 
ity marker during the delay period on five successive 
trials. On the following day spontaneous recovery was 
measured by repeating the conflict conditions with the 
exception of the ten preliminary trials, 


omitted. 


which were 


RESULTS 

Approach conditioning. The average positions 
of the animals at the five measured points 
during the delay period on trials 191 to 210 
are 3.38, 3.64, 5.36, 6.76, and 9.10. These values 
make up the composite curve (see Fig. 2). All 
the deviations from the base line in the com- 
posite curve are in a forward direction and 
become progressively larger throughout the 
interval. An analysis of variance was made, 
yielding F ratios which are significant beyond 
the .01 level of confidence both for the variance 
due to the time factor and for variance among 
animals. Examination of the data reveals that 
the form of the individual curves is, in general, 
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quite similar. The differences among animals 
lie mainly in the relative position of the entire 
curves with respect to the base line. 

Application of ¢ tests to these data shows 
that, of the ten possible combinations of pairs 
of values, statistically significant differences 
are found between six pairs. Differences be- 
tween the last point of the curve and the first 
three points are significant beyond the .01 level 
of confidence; the last point differs from the 
immediately preceding point at the .03 level. 
The next-to-last point differs from each of the 
first two points beyond the .01 level of confi- 
dence. These results offer support for the hy- 
pothesis of an approach gradient in a per- 
dominantly temporal situation. 

Approach-avoidance training. On the day the 
criterion of differentiation was met, the average 
positions of the animals at the five points in 
the 10-sec. interval were 4.52, 4.84, 5.10, 6.72, 
and 12.74, The composite curves are presented 
in Figure 3. 

As in the case of the original approach 
gradient, an analysis of variance was per- 
formed and the ¢ test applied to both sets of 
data. The analysis for the approach data yields 
an F value for "tiem" which is significant 
beyond the .01 level of confidence and an F 
value for "animals" that falls just within the 
-05 level of confidence. Again, the forms of the 
individual curves are very similar and the 
differences among animals lie mainly in the 
relative position of the entire gradients with 
respect to the base line. The ¢ tests show that 
the differences between three of the ten com- 
binations of pairs of points are significant 
beyond the .02 level of confidence. These are 
the differences between the last point when 
paired with each of the first three points. The 
approach gradient has flattened out in the 
early stages and rises more sharply near the 
end of the time interval, as compared with the 
approach gradient at the end of approach 
training (see Fig. 2). These findings offer ad- 
ditional support for the hypothesis of an ap- 
proach gradient in a predominantly temporal 
situation, but point out that the form of the 
gradient changes following differentiation 
training. 

The composite avoidance curve obtained at 
the end of differentiation training is also rela- 
tively flat during the early part of the interval, 
with a sharp drop after the fourth point. The 
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average positions of the animals at the fY 
measured points were 3.26, 2.68, 1.60, Lena 
and —3.60. Similar to the approach gradi en 
the ¢ tests show that the differences bet, 
the last point and each of the first four poo 
of the gradient are significant beyond thë y 
level of confidence. The results from the a”? is 
sis of variance suggest that the time fact?" e 
the more important variable, with the F UN 
for "time" significant beyond the .01 ye ch 
while the F value for “animals” does not 1% ef 
the .05 level of confidence. These findings nc 
support for the hypothesis of an avo! a 
gradient in a predominantly temporal 5 
tion. 
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© numerical finding the difference between 
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Other poin e numerical value at each of the 
calculated ts. The tendency to withdraw was 
ton made A die same manner. On the assump- 
by Hull (5 ier by Hovland and Sears (5) and 
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to withdz the net tendency to approach 
nding th " di at any point was obtained by 
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either the approach or avoidance gradients 
obtained at the end of differentiation training. 
a. Abc i arie 
conflict trials and met the cn € is = 
al: and I | erion of extinc- 
tion in eight and nine trials, respectively. This 
minimized activity might appear to indicate 
that no conflict was involved and that extinc- 
tion is the only principle needed to account 
for the behavior. However, the fact that the 
animals sat almost motionless on the first con- 
flict trials as well as on the later trials is not 
adequately accounted for by the principle of 
extinction alone. It seems more likely that the 
lack of activity on these first trials can be 
ascribed to blocking in the presence of two 
opposed action tendencies. This behavior per- 
sisted throughout the entire delay period and 
is in agreement with the prediction made from 
the previously obtained approach and avoid- 
ance gradients. 

Tn contrast to the animals mentioned above, 
animals B and C displayed a great deal of 
activity in the conflict situation, culminating 
in escape from the apparatus. Animal B 
escaped just after the seventeenth conflict 
trial, and animal C after only six conflict trials. 
On the following day these two animals were 
again placed in the conflict situation in exactly 
the same manner as the first time. Although 
they responded appropriately on the prelimi- 
nary trials after the first presentation of food 
or shock, they both sat almost motionless 
during the conflict trials. Animal B met the 
criterion of extinction on the first five trials, 
and animal C met the criterion after eight 
trials. The reasoning previously applied in the 
case of animals A and D appears to hold for 
this behavior also. 

Spontaneous recovery in the conflict situa- 
tion was checked in each animal on the day 
following its meeting the criterion of extinction. 
In all cases the animals sat almost motionless 
throughout the entire session. Animal A met 
the criterion in seven conflict trials, animal B 
in six trials, animal C in seven trials, and ani- 


mal D in ten trials. 
DISCUSSION 
In comparing the results of this study with 
theoretical analyses and with results obtained 
from other experiments, it should be kept in 
mind that the present data apply only to com- 
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petition between approach and avoidance 
tendencies. Thus, in regard to Lewin’s analysis 
(7), comparison can be made only with his 
Type II conflict situation; i.e., the organism 
faces something that has both positive and 
negative valence. The results of this study 
furnish indirect support for Lewin’s postulated 
solution of "withdrawal from the field,” and 
are in agreement with the results found by 
Hovland and Sears (5) in that vacillation and 
blocking were produced throughout the entire 
time interval. 

With regard to Miller's (9) theoretical and 
experimental analysis, the results from this 
study offer support for the first two funda- 
mental assumptions, i.e., that of an approach 
gradient and that of an avoidance gradient 
when applied to a predominantly temporal 
situation. Since the present method made 
possible the obtaining of measurements at 
five points in the gradient, additional informa- 
tion is available regarding the form of the 
curves. The results suggest that the gradients 
are not linear but tend to increase in slope as 
reinforcement approaches in time. Although 
Miller connected by a straight line the two 
points at which he had measurements, he 
points out that this was done solely for clarity 
of exposition, and no assumption or demonstra- 
tion of linearity was involved. 

Under the conditions of the present study, 
support is not offered for Miller's third assump- 
tion, i.e., that the avoidance gradient is steeper 
than the approach gradient. The two compos- 
ite gradients obtained here were nearly identi- 
cal in form at the conclusion of differentiation 
training. The behavior of the individual Ss 
in the conflict situation also fails to support 
this assumption. If the avoidance gradient 
were steeper than the approach gradient and 
if they crossed within the limits of the experi- 
mental situation, one would expect, in the 
conflit phase, approach movements during 
the first part of the 10-sec. interval, vacillation 
and blocking near the middle of the interval, 
and avoidance movements during the last part. 
Examination of Figure 4 shows that this was 
not the case. It should be noted that Miller’s 
deduction based on this assumption referred 
only to situations in which the organism has 
sufficient time and Space to approach and with- 
draw without restraint. These conditions did 
not prevail in the present experiment. As a 
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result, the findings are not interpreted as à 
refutation of Miller’s third assumption. Under 
the present experimental conditions the ap- 
proach and avoidance tendencies were € 
identical and would lead to the prediction 0 
vacillation and blocking throughout the entire 
interval during the conflict phase. In general, 
the results support this deduction. 

Hull (6), in his attempt to quantify the re- 
lationship between strength of excitatory 
tendency and distance from point of o 
forcement, points out that there is some e 
dence which suggests that the relationship 
logarithmic for the approach gradient. | 
though no study of the avoidance gradicn 
had been made at that time, Hull suggest?" 
that it would show at least positive acceler 
tion. In the present study both gradients € 
positive acceleration. Hull further propor E 
that when the many possibilities of varia the 
are considered, it seems very likely that = 
form of the gradient, as well as the height; a 
undergo progressive and independent chang 
Support for this suggestion is found in 
present study. 


SUMMARY AND CONCLUSIONS A 
; ex 
The present study was designed (a) t° 


jon 
amine in a predominantly temporal situate. 
the first three of Miller's four fundamenta nc 
sumptions regarding approach and avo! ily 
gradients in situations which are pres a 
spatial, and (b) to study the Ss’ behavior ? he 
predominantly temporal conflict situation: "n: 
apparatus used was that devised by BUS E 
his development of a conditioning methodo ate 
for studying conflict behavior in the white jth 
Four male albino rats were conditione foot 
a procedure which presented a light with n 
and a buzzer with mild electric shock. T the 
could obtain food by pressing forward mack” 
apparatus and avoid shock by pulling ^ cs 
ward. Measurements were taken of ear gr 
activity during the 10-sec. period that E: ta^ 
vened between onset of the CS and pre jat? 
tion of the food or shock. After the approP ach 
responses were well established, an aPP!°, py 
avoidance conflict situation was arrange 
Presenting both CS simultaneously... tb? 
Although the small number of Ss used mo 
Study precludes the possibility of cone ing! 
Statements, the results suggest the fit dae 
1. Support is given to the hypothesis 
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existence of an approach gradient in a pre- 2. Bijou, S. W. A conditioned response technique to 
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after 


dominantly temporal situation. 
an Support is also given to the hypothesis 
existence of an avoidance gradient in a 
Predominantly temporal situation. 
T. E slope of these gradients tends to in- 
m o as Positive or negative reinforcement 
aches jp time. 
oe results emphasize that such gradients 
an po In this study the form of the 
4 gradient changed significantly during 
“fProach-avoidance training. 
ane the conditions of the present study 
on A ance gradient was not steeper than 
and Euch gradient. Instead, the approach 
ance tendencies were nearly identical 


investigate “experimental neurosis” in the rat. 
J. comp. physiol. Psychol., 1951, 44, 84-87. 

. Brown, J. S. Gradients of approach and avoidance 
responses and their relation to level of motiva- 
tion. J. comp. physiol. Psychol., 1948, 41, 450—465. 

. Hircamp, E. R., & Marquis, D. G. Conditioning 
and learning. New York: Appleton-Century, 1940. 

. Hovrawp, C. L, & Sears, R. R. Experiments on 
motor conflicts: I. Types of conflict and their 
modes of resolution. J. exp. Psychol., 1938, 23, 
471-493. 

. Hutt, C. L. The goal-gradient hypothesis applied 
to some “field-force” problems in the behavior of 
young children. Psychol. Rev., 1938, 45, 271-299. 

. Lew, K. Environmental forces in child behavior 
and development. In C. Murchison (Ed.), A 
handbook of child psychology. Worcester, Mass.: 
Clark Univer. Press, 1933. Pp. 590-625. 


each of th * 
: e measured points. From such 3 
Fradients one would vd vacillation and/or 8. LIDDELL, H. Conditioned reflex method and experi- 

Ocking throughout th flict situation. In mental neurosis. In J. McV. Hunt (Ed.), Person- 
Bener] excomuce’s! i ality and the behavior disorders. Vol. 1. New York: 


» the results support this prediction. 
op neons recovery of conflict behavior 
xünction was minimal. 
L Buoy, g REFERENCES 
pers Wie The development of a conditioning 


Method d 
in the joey for studying experimental neurosis 


J. comp. Psychol., 1942, 34, 91-106. 


Ronald, 1944. Pp. 389-412. , 
. MILLER, N. E. Experimental studies of conflict. In 
J. McV. Hunt (Ed.), Personality and the behav- 
jor disorders. Vol. 1. New York: Ronald, 1944. 


Pp. 431-465. 


Received April 18, 1953. 


DESIGN AND RELIABILITY OF A NEW ACTIVITY-RECORDING DEVICE 


BYRON A. CAMPBELL 
Institute of Human Relations, Yale University 


The main purpose of the present paper is to de- 
scribe the design and reliability of a new device for 
recording spontaneous activity in rats. A related 
purpose is to discuss methods of determining the 
reliability of activity measures and to indicate an 
appropriate statistical method to be used in place 
of the usual correlation coefficients. 


DESIGN 


The basic recording unit consists of a cylindrical 
wire mesh cage balanced on a central pivot. The 
individual cage is 9 in. in diameter and 12 in. high. 
It rests in an aluminum cake pan which in turn is 
mounted on the central pivot. The central pivot is 
a machine screw 214 in. long mounted in the center 
of a piece of 14-in. plywood cut in a 12-in. by 12-in. 
square. The cake pan also rests on four sensitive 
microswitches placed 90° apart around the edges 
of the plywood base. The cake pan can tip about 
16 in. in any direction as the animal moves about 
on the floor, and the microswitches are so wired 
that any movement of the rat from one quadrant 
to another causes an electromagnetic counter to 
advance. In addition, any violent movements such 
as climbing vigorously on the wire mesh walls are 
recorded if they tilt the cage enough to activate 
the counter. Thus, minor movements that lack 
either vigor or extent are not recorded. This char- 
acteristic of the apparatus is further enhanced by 
an aluminum cookie cutter mounted upside down 
in the center of the cage floor. The cookie cutter 
prevents the animal from sitting in the middle of 
the cage floor and advancing the counter with 
minor shifts in position. 

The essential details of the activity unit are 
represented in Figure 1. On the left is the plywood 
base with the four microswitches and the central 
pivot. On the right is the wire mesh cage resting in 
the aluminum cake pan. The pan normally con- 
tains a layer of sawdust to collect droppings. Also 
Shown in the diagram is a sawed-off aluminum 
funnel through which food can be dropped into the 
cookie cutter, which serves as a food tray. 

It should be noted that the present activity-re- 
cording device requires virtually no adaptation 
period. Studies with the apparatus show that 
adaptation is about complete at the end of 24 hr. 
and that by the end of the second day there is no 
further change in the animal’s base line of activity 
unless experimental conditions are introduced. 


This is in contrast to the commonly used activity 
wheel, which is reported to require from two to 
three weeks of adaptation (1). 

In a current series of studies (e.g., 2) at Yale 
University six of these units have been installed a 
a soundproofed cabinet. The cabinet is constructe 
of }4-in. plywood lined with Cellotex to minimize 
external sound stimuli. The six cages are arrange 
in two banks of three cages each, and the banks 
are separated from each other by an air space 
This arrangement permits differential treatment 
the two banks. " 

The cabinet with the six units is shown » 
Figure 2. In the photograph the cabinet doors rhe 
open to show the cages and the interior of = 
cabinet; in normal operation the plywood-Cello ui 
doors are closed and ventilation is supplied by ? 
Sin. fan which draws air from both banks 4” 
exhausts it through a common vent. 


RELIABILITY 


In the past, reliabilities of measuring s 
ments have generally been determined by, i 
relating the day-to-day scores of the same anim?" 
in the same activity units. Extremely high 3 
liabilities have been obtained with this techniq"! 
Such high reliabilities, however, may be prd 
differences in sensitivity between individual UP! j 
If the units vary considerably in sensitivity ben 
differential braking in the case of activity whe¢ ^: 
a high reliability is insured even if the animals @ 
very inconsistent in their day-to-day performan ng 
This difficulty has been noted by Reed (3), ts 
points out that these high correlation coeffici® $^ 
are lowered when the animals are rotated " E 
tematically from cage to cage and an ave 
reliability is calculated. 

In addition to the variance produced by 
ferences between activity units, the reliability 4 tly 
measured by correlation coefficients,, is a the 
influenced by the degree of heterogeneity % “ 5 
animals used. Thus the reliability obtained rit 
homogeneous group would be low compare phis 
the r obtained from a heterogeneous group: tap 
was strikingly demonstrated with the prese”* , of 
paratus by comparing the reliability coefficien ly 
a homogeneous group with a group deliber? nd 
made heterogeneous by starving half the 55 ent 
leaving the other half satiated. In this expe?" ped 
one group of six naive Wistar rats was 2558 
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TABLE 1 
Analysis of Variance for Reliability Study 


HOMOGENEOUS HETEROGENEOUS 


guare nant 
ante d 3 
VARIATION Gi 
Mean p Mean p 
Square Square 
Cages 93.418 2.10 85,410 2.58 
\nimals 204.510. 4.74 78| 60.59 
Days 5 148,268 3.37 51| 2.28 
Error 20 43,156 


vp ot Lit needed for significance at the 405 level of confi 
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"heterogeneous group. 
oth groups of six animals were > 
shifted from cage Lo cage 5o that each animal spent 
one 24-hr. period in each of the six cages. 

The average reliability. coefficient (P 
for the homogeneous group Was +.26, whereas the 
reliability coefficient for the heterogencous group 
4.90. Obviously, if a similar experiment had 
ng homogeneous animals kept 
ing, instead, the 
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in the same cages and v 
heterogeneity of cage sensitivity, similar 
d have been obtained, That is, if the conven- 
i calculating correlation coel- 
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ficients from the animal’s day-to-day score in the 
same unit is used, the resulting 7 would be increased 
by aay heterogencity among animals or among 
units. 

Probably the most meaningful way of describ- 
ing the reliability of an activity-recording device 
is to break down the scores into variance due to 
consistent cage differences, variance due to con- 
sistent individual differences in Ss, and variance 
due to those day-to-day fluctuations which affect 
all animals. Such an analysis was made of the data 
from the experiment just described. The results 
of the analysis are summarized in Table 1. 

It is obvious from Table 1 that individual dif- 
ferences among animals account for the major 
share of the variance in the heterogeneous. group, 
whereas individual differences in the homogencous 
group are much less important. 
for daily variations and cage variations are quite 
small, and neither is important. when compared 
with the effect produced by differential feeding in 
the heterogencous group. This type of analysis 
does not produce a single numerical index of re- 
liability; it does, however, provide a useful break- 
down of all sources of variability, which 
commonly confounded in the correlation index. 


The mean squares 
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SUMMARY 


A new activity-recording device for rats, Con- 
sisting basically of a wire mesh cage balanced on 
a central pivot, is described. In addition, two 
groups of inimals were run in a reliability 
study using six of the activity- recording units, and 

breakdown is shown of variabiliey due to unit 
differences, variability due to animal differences. 
and variability due to daily fluctuation. Reasons 
were given to believe that high correlatipn coel- 
ficients can be obtained only when there is con- 
siderable heterogeneity in the Ss used or when 
there is a lack of uniformity in the characteristic 
of individual recording units. 
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simple and direct method of specifying the in- 
take of both solvent and solute, since it is not 
always clear which aspect of a solution insti- 
gates ingestive behavior, the solute or solvent, 
or how they interact in the regulation of the 
feeding process. There is thus an unfortunate 
lack of uniformity in the specification of con- 
centration of solutions. 

Concentration is defined in Van Nostrand’s 
Scientific Encyclopedia (1947) as the “amount 
of a given substance in a stated weight or 
volume of material.” From the point of view of 
chemistry, the use of molarity, i.e., molar con- 
centration, is the most satisfactory. The molar 
concentration is defined as the number of gram- 
molecular weights of a substance in one liter of 
solution. A gram-molecular weight is a weight 
in grams equal to the molecular weight of the 
substance in question. Tt should be apparent 
that in order to use such a nomenclature one 
must know the exact chemical character of the 
substance being used. ‘Another less generally 
used term is the molal concentration in which 
specific quantities of a substance are dissolved 
in 1000 gm. of solvent. 

There are a good many theoretical as well as 
practical advantages to the use of molar units. 
The first and most basic advantage is that it is 


a concentration unit directly related to the 


number of molecules in a solution. Equimolar 


solutions contain equal numbers of molecules. 
Threshold values stated in molar units are 
immediately interpretable in numbers of mol- 
ecules. This is especially important when com- 
paring thresholds for different substances. 
Further, the conversion to normality, activity, 
and other physicochemical characteristics can 
be made readily by reference to standard 
tables. Molarities tell what osmotic factors 
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are operating. They automatically tell the 
reader what chemical was used and how the 
solution was made. Results stated in molar- 
ities can be readily tied in with molecular 
structure and activity even if no one molecular 
theory of taste stands correct today. 

Despite the advantages of molar units for 
research in the field of chemoreception, many 
psychologists and biologists prepare and spec- 
ify solutions in terms of percentage concentra- 
lion. In the case of food acceptance research 
the specification of intake in terms of grams or 
cubic centimeters of solution ingested is fully 
adequate for many purposes without conver- 
sion to molar concentration. Percentage con- 
centrations, however, suffer from the disad- 
vantage that a given percentage can mean 
different things, and it is not always clear what 
is meant. To illustrate the nature of the 
difficulty, we will describe three methods of 
preparing a 10 per cent solution of sucrose. 

According to the first method, E weighs 10 
gm. of sucrose and dissolves this in 90 gm. of 
distilled water. The total solution, whatever 
its volume, weighs 100 gm. Now if a rat ingests 
n grams of this solution, we can be sure that 
it has ingested 102/100 gm. of sucrose and 
902/100 gm. of H:O, where all measures are 
made and expressed in grams. This method of 
preparing a solution is known as percentage 
concentration by weight of solute and solvent. 
The method is especially to be recommended 
whenever the intake of solutions is measured 


A second method of preparing a 10 per cent 
sucrose solution is really a misapplication of 
the first and it should be discouraged. Accord- 
ing to this erroneous method, 10 gm. of sucrose 
are added to 100 cc. of distilled water. Since 
100 cc. of H:O weigh 100 gm., the total weight 
of solution equals 110 gm. The true percentage 
then, is not 10 but 10/110 or,9.1. For Ww. 
dilute solutions a negligible error is introduce 
by neglecting the total weight of the solution: 
For more concentrated solutions, however, # 
considerable error can be introduced. 

In Table 1, column A shows the true pe 
centage concentration of sucrose solutions z 
weight of solute and solvent. Column B f 
the corresponding percentage values for c 
same solutions computed as grams of solu d 
added to 100 cc. of H:O. With higher conce? 
trations there can be a tremendous differen” 

A third, widely used method of preparing o 
10 per cent sucrose solution is to weigh Ou! 
gm. of sucrose and to dissolve it in dist " 
HO, diluting the solution gradually until 
total volume of solution equals 100 cc. zi 

This third method has utility in eP% 
ments where fluid intake is measured in T 
metric units, as is commonly done im 
Richter-type bottles or graduated b62*^.. 
The intake of the solute can be readily a uid 
puted when the total volume of ingested pti- 
is known. Thus, if a rat ingests ⁄# cubic Kon 
meters of a 10 per cent sucrose soluti s, 
10 2/100 gm. of sucrose have been ingest 


. n ce 
and recorded in gram units. is not true, however, that for every o 
TABLE 1 
The Concentration of Sucrose Solutions Specified by Diferent Methods 
A B D E. raion 
% BY WEIGHT AS GRAMS | % BY WEIGHT AS GRAMS m— % BY WEIGHT/VOLUME AS MOLAR CONCEN7} 10 
Room MRSS | zumo | sen vemumm 
1 1.01 1.0021 1.00 .029 
2 2.04 1.0060 2.01 058 
4 4.16 1.0139 4.06 A1 
6 6.38 1.0219 6.13 AT? 
8 8.67 1.0299 8.21 .241 
10 11.1 1.0381 10.4 .304 
20 25.0 1.0810 21.6 -630 
30 42.9 1.1270 33.8 .986 
40 66.6 1.1764 47.1 1.37 
50 100. 1.2296 61.5 1.79 
60 150. . 1.2865 77.2 2.25 
70 233. 1.3472 94.3 2.75 
80 400. 1.4117 112.9 3.29 


Note.—Column A X Column 
Chemistry and Physics (2), 


C = Column D. This table has been adapted from the table on pp. 1729-1730 of the 


oo a as the rat has ingested 90 
Gin bie Eu de ater. The fluid intake in grams 
Solution ic os dy when the density of the 
many cid n. The specific gravity for 
E VUE substances can be found in 
istry. Col andbook of Physics and Chem- 
gai umn C of Table 1 shows the specific 
ity. Each figure ei } -ei i n 
G of oe Ds the weight in grams 
tration NiMeated. at the percentage concen- 
Pets that utilize the third method 
compute th ion it is sometimes desirable to 
“knows th € intake of water, but unless one 
. cific EM. density of the solution, or the spe- 
lake Ew orrect computations of water in- 
9 comput e made. In other words, in order 
the numb € the water intake, one must know 
Vater in E of grams or cubic centimeters of 
Althou ^ volume of solution. 
Benerally” à values shown in column D are 
Speaking di erred to as percentages, strictly 
® percenta is is a misnomer. We can speak of 
f unit iso only when one and the same kind 
ato boy The values in column A 
ate A "centages because solute and solvent 
Corr Po d in units of weight, but the 
Weight Hohn values in column D are actually 
bats Sulis ratios and not true percentages. 
Th escribed e noted that true percentages can 
B Us, When ‘ae units of volume are used. 
i cent va solute is in liquid form, a 10 
E ge in 100 5 by volume would consist of 
at [3 mixture * of solution. Ethyl alcohol in 
id ercenta, a example, is often reported 
48 Y volu = by volume. A 50 per cent solu- 
RO Per cent e in this case is equivalent to a 
by itture a TIRE tration by weight. Gases 
are Volumes md reported as percentage 
Wm Possi le is imilar discrepancies, however, 
Wee 45 well à specifying percentages by vol- 
Eht, For S in specifying percentages by 
t example, one can erroneously add 


o 1C 
olution cc. of solvent to make a 10 per 


Cent 


Q9 € use " 
wi Cehtration mut systems for specifying 
Spes dt ds d ecomes especially confusing 
by “tfieq by esired to compare the results 
B to Other, One system with those specified 
aig, lumn A E transformation from column 
Wage tic, Pravi Table 1 is a matter of simple 
tur Was usog 20d we assume that distilled 

Ons bep Cd as the solvent. But transfor- 


Wee: 
n columns A and D can be made 
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only when the specific gravity (or some other 
measurement of density) is known. Usually 
investigators do not specify the density of 
their solutions. 

The transformation between columns D and 
E is a simple matter when molecular weights 
are known. The values in column D resemble 
those of the molarity system except that grams 
rather than gram molecular weights are 
employed. A conversion to molarity can be 
made by this equation: 


(Grams per 100 cc) X 10 _ Molari 
Mol. Weight = Molarity 


The use of molar units, as we said, is well 
suited to studies of taste stimulation and to 
other basic work on chemoreception; but for 
studies of food acceptance a true percentage 
by weight of solute and solvent may be pref- 
erable, provided the intake of fluids is measured 
and recorded in grams. When fluid intake is 
recorded in volumetric units, the method il- 
lustrated in column D is convenient despite 
the limitations above mentioned. 

Another important matter that relates to the 
preparation of solutions is the precise descrip- 
tion of substances that are used. Certain sub- 
stances or drugs may be available at local 
pharmacies or grocery shops as well as from 
standard chemical suppliers. Saccharin, for 
example, is one such compound. It is commonly 
available as soluble saccharin in the tablet 
form. Not only is this chemically contaminated 
by some kind of paste or “binder,” but the 
saccharin used in such tablets is the sodium 
salt of saccharin. In the H: andbook of Chemistry 
and Physics the name saccharin is reserved for 
the relatively insoluble form which contains 
no sodium. Both forms are sweet to man, yet 


the presence of sodium in the solution might 


have other physiological effects. If substances 
obtained from the 


like table salt or sugar are fror 
local grocery store, this should be indicated 


because of the possibility of the presence of 
impurities, although cane sugar from this 
source is said to be of the highest purity. When 
chemically pure agents are used, the exact 
chemical terms should include some reference 
to the particular form if several alternate forms 
are available, with regard to the degree of 
water in the crystal, optical activity, etc. 
Finally, if water is the solvent, it should be 
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made clear whether tap or distilled water has 
been employed. Tap water differs in mineral 
content from locale to locale and from time to 
time in the same place. d 

In view of the above facts the authors con- 
cur in the following general recommendations 
for the preparation and specification of solu- 
tions to be used in psychological research: 

1. It is important that substances and chem- 
ical agents employed in the preparation of 
solutions be identified and described as exactly 
as possible. If chemically pure substances are 
used, this should be stated; and it should be 
indicated whether or not distilled water is the 
solvent. 

2. The exact procedure followed in prepar- 
ing a solution should be clearly and briefly 
described in published reports of research in 
which solutions are used. For example, it should 
be stated that a 10 per cent sucrose solution is 
10 gm. of sucrose dissolved in 90 gm. of dis- 
tilled water to make 100 gm. of solution. 

3. It is recommended that the editors of 


psychological journals make certain that every 
manuscript describing work with solutions 
contains a clear and exact statement of the 
method employed in preparing solutions. This 
would be a distinct and long-range service to 
the science. k 
4. The choice of a method for specification 
of concentration varies with the purpose of the 
investigator. In precise work upon be 
ception, molar specification is recémmended. 
In work upon fluid intake, a true percentag 
concentration by weight of solute and solven 
is recommended when fluid intake is measure 
in grams. If fluid intake is measured in xm | 
metric units, a weight/volume ratio (gra?! 
per 100 cc. of solution) is recommended. 
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THE ROLE OF EXPERIENCE IN THE “SPONTANEOUS” ACTIVITY OF 
HUNGRY RATS! 
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It; 
state i5 end assumed that hunger is a 
restless uch drives the hungry animal into 
servation Spontaneous” activity. Casual ob- 
ifferent a hungry rats, however, gives a 
activity; EIS of the effects of hunger on 
Tats Eu ; eft to themselves, caged hungry 
not move Ew sleep much of the time and do 
Tats have : Tu restlessly. (b) Very hungry 
Sudden stim prm threshold for startle to a 
ore active ae and when awake they are 
Variation ; an satiated rats only if there is 
Ungry hn the external stimulation. (c) 
exposed 4 s become maximally active when 
egular]y © external stimulation which has 
Perien, Preceded feeding in the past ex- 

à d of the animal. 
à hig p HE study (2) it was shown that in 
tion for oe environment food depriva- 
Netease ; en 72 hr. produces only a very slight 
ur, q2 activity compared to the increase 
and Bdite periods in which the visual 
Ver, the Ory environment is altered. More- 
Produced pude of the increase in activity 
Telateq "i d the environmental change was 
Tonoung ours of deprivation in a much more 
Ericha d way than was the so-called “spon- 
With activity. These results are in line 
ntem, Setvations a and b above and are 


Tpret, 
hunger ed by the authors as evidence that 


ager? do ; à 
ae us not function as a stimulus to 
s 5 S of. Mice que is a state in which thresh- 

d al activity responses to internal 


l Parti 
Wereg ‘cularly to external stimuli are 


th « 
te investi *i Purpose of the present study was 
olleg , Eate observation c above under con- 


Conditions. 


"ul; METHOD 
Jets ang 4 bpar 


he Ss atus 


Were 23 ; 
male albino rats of the Wistar strain 


arms, New Jersey. They were about 


t 
i € start of the experiment. 


The 

i authors N 

ralin $ s indebted to Belver C. Griffith and 
Udy, assistance in carrying out a portion 
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The basic apparatus unit was a stabilimeter-type 
activity recorder described elsewhere (1) and used in 
the previous study (2). It involves a circular living cage 
resting on a central pivot about which it can tilt slightly 
in any direction. Movements of the rat which shake the 
cage or shift the center of gravity to a new quadrant 
are recorded on an electromagnetic counter. Six of these 
units were mounted in a sound-shielded cabinet located 
inside a soundproof room. A special feature of the 
apparatus relevant to the present study was an elec- 
trically operated food release mechanism which per- 
mitted dropping food directly into the activity cages. 
The food release could be loaded without opening the 
cabinet and operated at any subsequent time from out- 
side the soundproof room. 

The cabinet had interior lights and a ventilation 
system involving an exhaust fan normally providing a 
constant masking sound; turning off the exhaust fan 
and turning the interior lights on or off were used to 
produce the environmental changes associated with 


feeding. 
Design and Procedure 


Four groups of Ss were used, two experimental and 
two corresponding controls. One pair of experimental 
and control goups (NV equals 5 and 6, respectively) 
normally lived in darkness, and the stimulus change 
consisted of turning off the masking sound of the ex- 
haust fan and turning on the lights; the other pair of 
experimental and control groups (V equals 6 in each) 
normally lived with the lights on, and the stimulus 
change was fan off and lights off. All members of a given 
group were run in the cabinet at the same time. 

In all groups the animals were first put in the activity 
cages and starved for three days. Then for a period of 
four days each animal received a daily ration of 7 gm. 
of Purina flour and 4 gm. of white flour mixed into a 
mash with 11 cc. of water. During these four days the 
ration was divided into three pellets dropped at random 
times between 10 A.X. and 6 P.M. by the food release 
device. The purpose of this preliminary training was to 
guarantee that the animal would learn to find food as 
soon as it was dropped. 

For the experimental groups this adaptation period 

was followed by 12 days of training. During this train- 
ing the external stimulus change was presented once 
each day for a 5-min. period, at the end of which the 
daily ration was dropped as one large pellet. Activity 
was read from the counters at the end of each minute 
of the 5-min. period of stimulus change. 
' For the control groups the comparable 12 days con- 
sisted of the same stimulus changes at a fixed time each 
day but without the correlated dropping of food; in- 
stead, their daily pellet was delivered unannounced 
either at 1 or 2 hr. after the 5-min. test for activity. 
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Fic. 1. Acquisition of activity in response to a 5-min. environmental change that regularly precedes trol 
feeding (experimental group) compared with adaptation to the change when it does not precede feeding (co? nu 
group). The environmental change for the results on the left was cessation of a masking sound and a shift fr? 
darkness to light; the results on the right are with cessation of the sound and a shift from light to darkness 
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EXPERIENCE AND ACTIVITY IN HUNGRY RATS 


RESULTS 


Nesii 

ent ition of activity in response to the 
for the rm is shown in Figure 1. The results 
shown o, aro, derk-tolight conditions are 
DOMI Duet the results far the Bio-od, 
Tight. In E conditions are shown on the 
for the e: ach case the acquisition is obvious 
Contro]. Eon group compared with its 
Stoups and hers trends in both control 
Mental i e acquisition in both experi- 
evel of Plin all reliable beyond the .01 


activit: om of the minute-by-minute 
the S-min, t e two experimental groups during 
ÙS shown in oe periods as training progressed 
Outset of t ‘igure 2. It can be seen that at the 
through ieee there is no noticeable trend 

Bthe end -min. interval of stimulus change. 
Wired in of the training, however, the ac- 
Strongly pocese in activity appears most 
D and hs fifth minute. Comparing the 
m We find minutes over trials 10 through 
te (ie ^C Breater activity in the fifth min- 
ch of 4 Shortly before food arrived) for 

the 11 animals, 
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reste y, hun ation c in the introduction, 
lay SS activity animals show a great deal of 
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can food be regarded as the unconditioned 
stimulus for restless activity—it initiates 
eating and inhibits responses that record on 
the activity device.? 

Food can, however, be regarded as the un- 
conditioned stimulus for the consummatory 
response of eating, and the position taken 
here is that the basic learning in the present 
study is the conditioning of the consummatory 
response io the external cue. The restlessness 
may be regarded simply as a manifestation of 
the frustration inherent in any conditioned 
consummatory response. The animal cannot 
“consume” a conditioned stimulus or a con- 
ditioned stimulus object. If frustration is 
properly defined as the state that exists when 
drive is present and the consummatory re- 
sponse is stimulated but prevented from oc- 
curring, then neutral cues conditioned to a 
consummatory response are inevitably frus- 
trating if they persist for any length of time. 

Viewed in this light, the “acquisition” of 
activity found in the present study is to be 
interpreted, not as learning of activity, but 
rather as the formation of a stronger and 
stronger conditioned connection between the 
external stimulus change and the consum- 
matory response as training progresses. The 
stronger this connection and the more similar 
the cues to those that just precede eating, the 
greater the frustration with cue present and 
goal object not yet materialized. 

This interpretation has interesting rami- 
fications when applied to maze learning based 
on hunger motivation. Like the external cue 
in the present study, the maze becomes a 
source of frustration as the animal gains ex- 
perience with eating in the goal box. The maze 
cues cannot be eaten, but they quickly become 
conditioned stimuli for eating, especially the 
cues in the true paths and the cues nearest 
the goal box. Here, however, the animal is not 
caged and the excitement of delayed consum-, 

2 The question may be raised as to whether or not 
the increase in activity produced by the environmental 
change is reinforced by feeding, thus accounting for the 
progressive rise in activity to the cues that precede 
feeding. This possibility has been considered and re- 
jected on the grounds that the concept of “learning” 
applies to the strengthening of connections between 


stimulus and response and cannot explain how a learned 
response can be more rigorous than the response 


originally performed. 
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mation is not manifested only in vigor of 
restless movements, but rather in the vigor of 
any movements it makes. Of all movements 
it can make, however, the ones that most 
closely lead to food will be performed with the 
greatest vigor because they provide cues most 
strongly conditioned to the consummatory 
response and therefore most productive of 
excitement up to the point of seizing and in- 
gesting food. It may be conjectured that the 
animal of necessity performs correct responses 
more vigorously, making them prepotent over 
other conflicting, incorrect response tendencies. 


SUMMARY 


Using stabilimeter-type activity cages, the 
increase in activity in hungry rats produced 
by a sudden change in an otherwise constant 
environment was recorded once each day for 
a 5-min. period of the environmental change. 
For one experimental group and one control 
group the environmental change consisted of 
shutting off a masking sound and turning on 
lights in normally dark environment; for a 
second experimental group and control group 
the change consisted of turning off the sound 
and turning off the lights in a normally lighted 
environment. For the experimental groups the 
5 min. of change in the auditory and visual 
fields were always followed immediately by 
automatic dropping of the daily food ration 
into the activity cages. For the control groups 
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the change was unaccompanied by food— 
their daily ration was dropped at a different 
time. " 
Experimental animals showed a progressive 
rise over a 12-day period in the amount 9 
activity during the 5-min. stimulus chang 
leading to food, while control animals showe 
a decline over the 12 days. Also, when hu 
activity during the 5-min. interval was plotte 
minute by minute in the experimental groups, 
it was found that the acquisition of increase 
activity during the last 3 days of training bs 
greater in later portions of the interval 
shortly before food arrived. i 
The findings are interpreted as reflecting 
basically the conditioning of a consummatory 
response to the external cues associated wh is 
feeding. The “acquisition” of activity E: 
interpreted, not as learning, but as a we 
related manifestation of the frustration ag : 
sarily produced when a consummatory t 
sponse is aroused by conditioned stimuli e 
time when the goal object is not immedi? 
accessible. 
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PONSE STRENGTH AS A FUNCTION OF DRIVE LEVEL DURING TRAINING 
AND EXTINCTION 
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H LJ 

5 fae k > reinforcement theorists have 
strengi” (o conclude with Hull (2) that habit 
Present Ea independent of the drive level 
interpreted 28 training. Illustrative studies 
those by K, as supporting this position are 
el al, (i) vete (3), Teel (7), and Hillman, 
luring eee have found that drive level 
Strength E ing has no influence on response 
measured by the number of trials 
tudies a criterion of extinction. These 
os little information on the 
extinction,» level, during training and during 
Strength ea other measures of response 
the Dreger oe, extinction. The purpose of 
Study 4 ent research, accordingly, was to 
tude-durir effects of drive level on an ampli- 
extincti hg-extinction as well as a trials-to- 

n measure of response strength. 


ME 
Abparatus THOD 


Scr... tO H 
be Ptio [] rng the goal box. A more detailed de- 
und e 1S apparatus with a few modifications can 
elsewhere (6), 
Ubjecty 
Th 
Dye Ss 
tin hte a male albino rats of the Sprague- 
vidy DE of the pproximately 100 days old at the be- 
al experiment. They were housed in indi- 


Cages į 
in the experimental room. 


esi, 
En ang Procedure 


hi 

Bto € Ss y 
these Was train randomly divided into two groups: one 
Wag her Under a pm 60 hr. of food deprivation, and 
Puit Em. food + of food deprivation. The incentive 
üt the Chow and pellet, containing equal parts of 
hd of the Water, placed in a small glass dish 
Ven one Nea box. On the training days each 
second L5, P Lurned to its home cages and 
Ok to eee approximately 1 hr. later (the 
the remaining Ss). Training con- 
per Week for a period of seven weeks, 
training trials. This distribution of 
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trials allowed Ss trained under 60 hr. of food depriva- 
tion time to regain weight through 414 days of ad libi- 
tum feeding before the next deprivation period was 
begun. 

For the extinction trials, each of the original groups 
was divided into two subgroups on the basis of the 
individual S's median running time for the last three 
training trials. The four resulting subgroups were: (a) 
High-High, trained under 60 hr. of deprivation and 
extinguished under 60 hr. of deprivation; (b) High-Low, 
trained under 60 hr. of deprivation and extinguished 
under 12 hr. of deprivation; (c) Low-Low, trained under 
12 hr. of deprivation and extinguished under 12 hr. of 
deprivation; (d) Low-High, trained under 12 hr. of 
deprivation and extinguished under 60 hr. of depriva- 
tion, Extinction trials were identical with training 
trials except for the absence of food in the glass dish. 
Extinction trials for a given S continued until it met 
the criterion of extinction, which was three successive 


trials that exceeded 20 sec. 

Two measures of the animal’s behavior were taken: 
(a) running speed (obtained by multiplying the recipro- 
cal of the time from start box to goal box by 100), and 
(b) the number of trials required to reach the extinction 
criterion of three successive running times of 20 sec. or 


more. 
RESULTS 


The main results are shown in Figure 1. 
This figure shows the running speeds of the 
four subgroups during the first ten extinction 
trials. It indicates clearly that drive level 
during training has a marked effect on the 
animal’s performance during the early extinc- 
tion trials. Table 1 presents an analysis of 
variance calculated from mean running speeds 
during the first six extinction trials, where the 
differences are most marked. It can be seen 
that the variance attributable to drive level 
during training is significant (p < .05), whereas 
the variances due to drive level during ex- 
tinction and the interaction are not significant. 


An analysis of the resistance-to-extinction 


data showed no significant differences between 
any of the four groups in the number of trials 
required to meet the extinction criterion of 
three successive trials of 20 sec. or more. An 
analysis of variance on these data gave F values 
of 0.03 for training drive level, 0.26 for ex- 
tinction drive level, and 0.87 for interaction. 


102 


5° * ** 
HIGH - HIGH 


45 


30 


MEDIAN SPEED 


LOW-HIGH 


A 
LOW- LOW 


l-2 


3-4 5-6 
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Fic. 1. Median running speeds for all groups during 


the first ten extinction trials. * Denotes training drive 
level; ** denotes extinction drive level. 


TABLE 1 


Analysis of Variance on Mean Speeds of the First 
Six Extinction Trials 


SOURCE OF VARIATION df | MEAN SQUARE| F* 


Training drive level 1 


1580.64 | 7.40 
Extinction drive level 1 494.02 | 2.31 
Interaction 1 1.25 | 0.01 
Error 16 213.62 


* F of 4.49 needed for significance at the .05 level of confidence. 


An F of 4.49 is needed for significance at the 
.05 level of confidence, indicating that none of 
the experimental conditions had any ap- 
preciable effect on the resistance-to-extinction 
measure. 


DISCUSSION 


The present findings are in line with other 
investigations (1, 3, 7) of the effect of drive 
level during training, if the resistance-to-ex- 
tinction measure is used. That is, with this 
measure, training drive level has no effect on 
response strength. With the amplitude meas- 
ure, on the other hand, there is a sizable effect 
in the direction of greater response strength 
during extinction with stronger training drive 
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level. This effect is present regardless of the 
drive level during extinction. 
The results aa et question Hull’s Q) 
use of amplitude and resistance to extinct 
as alternative measures of reaction poten 
In the present study such use would ES 
widely disparate answers to the question, 
whether training drive level infuences ha 
strength. M 
The results also raise questions of a morg 
fundamental nature concerning Hull’s foc 
lation of reaction potential as a multiplicat! 
function of drive and habit strength. 
applies his formulation as if drive level at 
time of training not only failed to influe jo 
the strength of the habit acquired, but um 
had no effect on the nature of the respo 
acquired. In brief, his formulation assumes iv 3 
the same habit is learned for all levels of | H 
whenever animals are trained in a partic" a 
situation. Observation of the present e 
mental animals, however, suggests ? kc «d 
different formulation. The animals trad 
under conditions of high motivation appe" dy 
to learn responses which were qualitat! is 
different from the responses learned by gut 
trained under low motivation. High- cing 
animals, for example, learned to crouch 12€ 7 
the starting-box door, ready to respo” ne 
mediately by dashing down the runway Won" 
the door opened. Low-drive animals, 7j. 
trast, seldom exhibited this habit of “att® ip 
ing” to the starting-box door, and never idly 
peared to acquire the skill of running Eged 
down the alley. Thus, when drive i$ 57 jow 
during extinction, animals trained under not 
drive and extinguished under high drive ^^ (od 
show an immediate increase in running ê con" 
since they have not learned the responses the 
stituting the skill of running rapidly ! 
experimental situation, ion is 
A problem for the above interpretat c P 
the often reported result that an incre? or 
drive during extinction produces 2 P op? 
tional increase in running speed or reek’ ith 
rate (1, 4, 6). An explanation consisten avt 
the present position is that such anim? wed ip 
either learned in the past the skills inv? fi e* 
rapid responding, or they learn ami m 
tinction—through high primary driv NT 


nce 


z ERA ime 
acquired rewards provided in the expe? 


[s 


RESPONSE STRENGTH AND DRIVE LEVEL 


situation— H 
teased Fi Quis appropriate to the 
ND theoretioal factor that might be 
Sed à is that of learned drive. It might be 
fils x b. example, that the High-Low ani- 
Stronger : present experiment had acquired a 
animels pymes drive than the Low-Low 
S a that this learned drive continues 
five is tip: rapidly after the primary 
inction 3 ted to the lower level during ex- 
1 Ed : Such a factor is actually operating, 
MM subsumed under the present in- 
De res n as another aspect of the nature 
ponse practiced during training. 


SUMMARY 


TI 

to oro of the present experiment was 
tive level e effect of training and extinction 
ction, S on response strength during ex- 
Fo 

straight gad of animals were trained on a 
followin alley and extinguished under the 
toup aes of food deprivation. One 
tinguished igh-High) was trained and ex- 
Seco under 60 hr. of deprivation, a 
69 and group (High-Low) was trained under 
tion, a er nguisned under 12 hr. of depriva- 
ànd extin ird group (Low-Low) was trained 
Md a fo guished under 12 hr. of deprivation, 
2o group (Low-High) was trained 
ti A extinguished under 60 hr. of 


Urin, CNN 
ort nachan two measures of response 
Peed, a a a as measured by running 
nd resistance to extinction—were 
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recorded. By comparing these two measures of 
response strength, it was found that running 
speed during the first six extinction trials 
varied directly with training drive level but 
did not vary significantly with extinction 
drive level, while the resistance-to-extinction 
measure was uninfluenced by either training 
or extinction drive level. 

These results were interpreted as (a) seri- 
ously questioning Hull's use of amplitude and 
resistance to extinction as alternative measures 
of reaction potential, and (b) providing evi- 
dence against Hull’s implicit assumption that 
animals trained under different levels of moti- 
vation learn identical habits. 
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SPONTANEOUS PATTERN DISCRIMINATION IN THE RAT! 


WILLIAM R. THOMPSON awo L. M. SOLOMON 
McGill University 


For the most part, pattern discrimination in 
animals has been studied by the use of in- 
centives extrinsic to that provided by the 
problem itself. It is assumed, probably falsely, 
that S finds no joy in doing the difficult or 
unusual and that it will do so only in order to 
relieve strong hunger or thirst or to escape 
shock. Under such conditions, the animal is 
required to do two things: (a) perceive the 
difference between two or more visual forms 
exposed to it, and (b) learn to associate reward 
with one, punishment with another, and react 
accordingly. Since these two tasks are con- 
founded, E is inevitably in doubt as to how 
well S can perform either one separately. The 
first and more important problem—ability of 
the animal to perceive differences—is masked 
by the necessity of learning a second task. It 
is possible, on the one hand, that a circle and 
a square, for example, are seen by a rat as 
different on first exposure; on the other hand, 
it is also possible that the animal must learn 
to see these figures as distinct. 

From other observations, there seems little 
doubt that animals can show immediate dis- 
crimination of objects or forms. This is clearly 
shown when the indicators of discrimination 
are emotional or instinctive reactions released 
by the stimuli themselves (7). The external 
environment by itself does have the property 
of producing differential reactions on the part 
of an animal; furthermore, an animal will, in 
fact, tend to explore and manipulate its sur- 
roundings if given the opportunity. In the 
laboratory, Harlow and his associates (2, 3, 5) 
have found that monkeys will tackle, merely 
because they like to do so, what psychologists 
commonly regard as problems. Similarly, 
Berlyne (1) has shown that rats will explore 
any novel object with which they are con- 
fronted and that, of two objects (a cube and 
a cylinder) introduced simultaneously, the 
animals will spend more time exploring the 


* This research was supported by grants from the 
National Research Council of Canada and the Rocke- 
feller Foundation. 


E 


one that is newer. This interesting finding 
suggests not only that “curiosity” can be use 
as a sufficient incentive for rats to make jet 
discriminations, but also that under we 
motivating conditions, their ability to do E 
may be more readily discernible than unc? 
conventional testing conditions. 

It is the purpose of the present expe 
to verify and extend Berlyne’s data, 
curiosity as the sole motivating agent, E 
two-dimensional patterns as the stimuli 
be discriminated. 


riment 
using 


METHOD 
Animals 


" 9 

Forty-eight naive hooded rats, approximately ins 

days old, of the McGill “bright” and “dull” St% , 

were used, They were divided into a control aright 

experimental group each having 24 animals: 6 ales 
males, 6 dull males, 6 bright females, 6 dull fem 


Apparatus M 
3 


Six plywood “living boxes,” 814 by 814 by s E 
painted a flat black, with wire mesh tops and floor two 
vertically sliding doors, were constructed. 1” ngl^ 
stimulus patterns were (a) an inverted isosceles buo 
base 6 in., height 514 in.; and (b) six vertical st" otal 
width 14 in., height 544 in., and 34 in. apart. 27" vere 
amount of white in both patterns was equal. THE walls 
made of white paper and glued to the rear ins! in, 0^ 
of flat black “stimulus boxes,” 814 by 814 by UM 
pattern per box. 

Only one side of the stimulus boxes was op n 
directly opposite the pattern. Thus, by fitting ietly m 
end to the front of a living box, and then a pe & 
moving the door of the latter, the pattern coul 
posed to the Ss. 


that 
en, on 


"o 
: " A ditio' 
The experiment was conducted in an air-CoP escent | 


room, 914 by 814 ft., lighted by two 40-v. fuori, so 


lamps. The living boxes and stimulus boxes 
placed in relation to the lamps during testing 
proximately an equal amount of light would fa! 
pattern. 


Ww 
tha 
n € 


Procedure NT 
Each rat was placed in one of the living hoses 2. 
food and water were available at all times fO al we 
adaptation period. Following this, each api e 
tested for two 10-min. sessions as follows: 
Session A. The striated stimulus patter’) min: 


“sented to S in the manner described. After 
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doo ivi 
od the living box was closed and the stimulus box 

M for a 2-min. rest period. 

: eI: The striations were again shown to Ss in 
Ns S group exactly as before, while the triangle 
otken eena to Ss in the experimental group. All 
Boa em during the experiment (lighting, posi- 

ox, positi 7) were identi 

a groups J x p ion of E) were identical for the 

n 
fr qu ere of exploratory activity were used. 
case of us spent sniffing at a stimulus pattern. In the 
animal ir CLA HORS, this was usually done by the 
ds a fairly systematic manner, up one striation, 
€ next, and so on. 


stimulus Ln Spent actually inside (all four feet) the 


. 43.7; 
is, the ieee Spent looking at a stimulus pattern; that 


towarg ape ating which a rat had its nose pointed 

a separatin ern, and its forepaws resting on the wooden 
Se the 8 the living box from the stimulus box. 

0 the pieds measures were tested on several Ss prior 

For the 24 ment proper and found to be serviceable. 

Sessio control animals, their reliabilities (Session 

61, ay quon B) were, for M1, .57; for M2, .69; for M3, 

E ES coefficients are significant (5 < 05). 

the livin at quietly at the back of and slightly above 

elation n Oxes, so that all the animal's movements in 

the pattern were plainly visible. Each meas- 


© Was n 
100-sec, S by stop watch in seconds for every 


RESULTS 


The zs 

TA time course of exploratory activity 
Presented Control and experimental animals is 
Tontgom in Figure 1. Unlike those found by 
Bive €ry (6) with simple mazes, the curves 
Steadily”, our three measures do not decline 

imu with time, but rise gradually to a 
fa 0 ih at about 400 to 500 sec. and then 
Menta] S. 24 While the control and experi- 
3 (as i do not differ significantly in Session 
he afe own by ¢ tests on each measure), 
Particu] strikingly separated in Session B, 


arly in i 
pad In its second half. 


tii 
~ call; 
ling the 


examine these differences sta- 
fe Yum mee analyses were made: (a) 
be, Ures in g otals given by each of the three 
h "Cen age ch ession B, and (b) using the log 
sig Le, og is iram Session A to Session 
ud 10) in Session B/Score in Ses- 

it . 
mu Stab; brightness, and stimulus pattern 
l af on sy Dalyses of variance were com- 
OWS the in Cores on each measure. Table 
enc the oe times that bright and dull 
in explorato and experimental groups 
i ther activity. Male and female 
Sento did not differ significantly, 
ed in the table. For each meas- 


— EXPERIMENTAL 
ZTT CONTROL 
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SESSION A SESSION B 
IOO-SECOND PERIODS 


Fic. 1. The behavior of rats exploring patterns as 
given by three different measures, MI, M2, and M3. 
Tn Session A both groups explored striations; in Session 
B control Ss explored striations, experimental Ss ex- 
plored an inverted triangle. 


TABLE 1 


Mean Scores in Seconds of Time Spent Exploring 
by Bright and Dull Rats of the Control and 
Experimental Groups in Two 10-Min. Sessions 


CONTROL GROUP ina ia Ad 
MEASURE | SESSION 

Bright Dull Bright Dull 

Mi A 144.9 | 112.2 | 85.7 | 121.9 
B 21.0 | 37.4| 67.0, 97.3 

M2 A 210.8 | 173.7 | 200.3 | 220.3 
B 31.4 | 146.8 | 127.3 | 133.4 
M3 A 234.6 | 192.3 | 192.6 | 161.1 
B 72.6 | 93.1 | 326.8 | 312.8 


ure separately, statistical results were as fol- 


lows: 
M1. A marked difference between control 


and experimental Ss was found both with raw 
scores (F = 9.47, p < .01) and percentage 
scores (F = 11.92, p < .01). No differences 
appeared between male and female or between 
bright and dull rats. 

M2. With raw scores, there were no signi- 
ficant differences between any of the groups 
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on time spent in the stimulus box. However, 
with percentage scores, a significant difference 
was found between control and experimental 
group means (F = 4.68, p < .05), this differ- 
ence being mainly within the bright group. 

M3. For time spent looking at the patterns, 
highly significant differences were obtained 
between control and experimental groups, 
both with raw scores (F =, 32.9, p < .001) 
and with percentage scores (F = 16.57, p < 
.001). No other differences appeared. 

In summary, all three measures indicated 
clearly that experimental animals showed 
more exploratory activity in Session B than 
control Ss. 


DISCUSSION 


The results presented above indicate that, 
given the appropriate testing conditions, rats 
can discriminate simple patterns spontane- 
ously without the benefit of formal training. 
"Two main facts should be noted. First, curi- 
osity is a sufficient motive for the rat to solve 
what under other circumstances would be 
called a problem. The novel stimulation pro- 
vided by a pattern produced exploratory be- 
havior which characteristically rose to a 
maximum after about 400 to 500 sec., then 
declined. It could then be reinstated by the 
introduction of a new pattern, thus indicating 
discrimination. Secondly, rats who lack the 
benefit of previous experience with two-di- 
mensional patterns are able to discriminate 
between some of them very rapidly within the 
10-min. trial given. This was probably not 
immediate. It will be seen from the curves 
in Figure 1 that the greatest differences be- 
tween the experimental and control groups in 
Session B occurred at the point where explora- 
tion was maximal for both. This suggests that 
some learning to a single stimulus did take 
place within a session. The experimental ani- 
mals probably did not immediately perceive 
the second pattern as different from the first, 
but only after a brief inspection period. 

"These data. indicate, in general, that an in- 
trinsic motivation, namely, curiosity, may 
readily be used to demonstrate in the rat 
discrimination of patterns which it has never 
REED before. As a method, it would seem to be 
simpler than those using reward and punish- 


WILLIAM R. THOMPSON AND L. M. SOLOMON 


ment. As we have pointed out in the introduc- 
tion, such experiments require that the animal 
not only perceive a difference between pat- 
terns, but also learn to associate one pattern 
with reward and the other with punishment. 
By making use of the fact that.novel stimula- 
tion (a pattern) intrinsically produces à reac- 
tion (exploration) on the part of the animal, 
this second step is omitted. It would therefore 
appear to have an advantage in the study ° 
animal perception. ` 
Further, we would agree with Harlow (4) 
that there has been in psychology an ovd 
concern with the “tissue-tension” type ° 
motivation. Of equal, if not of more basic 
importance, is the type we have used nee 
namely, motivation dependent solely on 
properties of the external environment. 


SUMMARY 


The purpose of the experiment was B 
discover if rats, motivated by curiosity alor? 
that is, intrinsically rather than extrinsl is A 
could spontaneously discriminate betw 
two-dimensional visual patterns. nd 

Forty-eight rats of the McGill bright ^i, 
dull strains were used; they were divide ae, 
two equal groups, a control and an & 
mental group. 

A striated pattern (white on black) 
first presented to animals of both group? 
one 10-min. session (Session A). After à ^^ od 
rest period, the striations were again prese? a, 
to the control animals for another ^* m 
session (Session B), while the inverted et Js 
was presented to the experimental 9D" ig 
for the same length of time under oth. «y 
identical conditions, The exploratory ac M 
of the rats in relation to the patterns res: 
recorded in each session by three mers pe 

It was found that, while the scores ° gor 
control and experimental groups did not jdely 
significantly in Session A, they were ' jg 
separated in Session B, those of the a 
mental group being significantly greater’. s 

It was concluded that (a) curiosity pal? 
sufficient motivating force for rats t°, patê 
simple form discriminations, and two 
without previous experience with nev, 
mensional white and black patterns can sio 
theless discriminate between them “ 

. formal training. 


was 
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a, results were discussed. briefly in 

m of previous experimentation on rat 

ai vision and in terms of contemporary 
on motivation. 
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THE REWARD VALUE OF RUNNING ACTIVITY? 


JEROME KAGAN axb MITCHELL BERKUN 


Yale University 


A common laboratory demonstration is the 
running activity of rats in a Wahmann activity 
wheel. The rat runs along the inside rim of a 
drum mounted on a horizontal axis of revolu- 
tion. Does the occurrence of this running 
response indicate a drive to be active? If so, 
some theorists, e.g., Miller and Dollard, would 
predict that the reduction of such a drive 
should act as a reinforcement for the acquisi- 
tion of an instrumental response, since any 
drive reduction is considered a sufficient 
condition for reinforcement. 

To test this prediction, ten 75-day-old male 
albino rats of the Sprague-Dawley strain were 
paired on the basis of running scores into 
matched experimental and control groups. 
They were then habituated to activity wheels 
which were sometimes braked so they could not 
rotate, and sometimes free to rotate when the 
rat ran. This habituation schedule and the 
remaining procedure were developed with an 
exploratory group of four pairs of rats, the 
results from which were similar to those re- 
ported here. 

A Skinner-type bar, which the rats had 
previously learned in a different apparatus to 
press for food when hungry, was now made 
available in the braked wheel for a 10-min. 
daily session. When an experimental animal 


1 The authors wish to thank Drs. Frank A. Beach 
and Neal E. Miller of Yale University for their financial 
support and helpful advice in the execution of this 
study. 


pressed this bar, both it and its control partner 
(which was being tested simultaneously » 
another wheel) were permitted to run for 
sec. The brakes were reapplied at the end 0 
the30-sec. period. When the control rat presse 1 
the brakes were not released. After 26 of n 
regular reinforcement sessions, the. i^ 
number of bar presses in a 10-min. period 30 
the experimental group was 11.5, for a 
control group, 7.6. Although in the expect 
direction, this difference is not statistica 
reliable. E 

The rats were then put on a fixed-inte 
intermittent reinforcement schedule. For 
daily sessions, reinforcements were given pr 
for the first response to occur after Y, í the 
5, 714, and 10 min. from the beginning ° 
session. Both groups now pressed the bar 2 10 
higher rate: the experimental mean 507, 
min. was 31.2; the control mean was ted 
This difference is reliable in the expe D 
direction at better than the .05 level of m 
fidence by a ¢ test. The mean number of p^ 
turns for each 10-min. partial reinforce 
session was 21.5 for the experimental gr ot 
and 13.8 for the control. This difference 15 
statistically reliable. z 

It was concluded that the opportunity a 
run in an activity wheel is an adequate è 
forcement for the instrumental respo”s 
bar pressing. 


Received June 4, 1953. 
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STIV V 
IULI PRECEDING ELECTRIC SHOCK. CAN ACQUIRE POSITIVE 
REINFORCING PROPERTIES! 


HAROLD W. COPPOCK 
University of Oklahoma 


When ifiti 
Topeated] WRitially neutral stimuli have been 
electric lp deed just before the onset of 
danger si they are sometimes described 
stimuli ¢o menai, anxiety-producing cues, 
®ousers ofa itioned to fear reactions, or 
When e Secondary motivation. Such stimuli, 
Shock, eee presented without any 
PY imme diat may not be expected to repress 
È € way ie ely preceding behavior, much 
xat bini. Thorndike originally supposed 
Scape fro ment stamped out responses. 
to the dri m such stimuli, however, according 


Tive- : 

a ; E Pi theory of reinforcement 
bsequentiy p ^ re Ward which could be used 
I Y to strengthen any S-R sequence. 


; e 
sruli Seen present experiments, neutral 
ane ican n with shock onset during 
Die 8tousin g presumably acquiring fear- 
sti Derties. S Properties; Evidence as to other 
Sp uli for ed as becoming conditioned 
tes, will ovement or for “freezing” re- 
Cords g "3 be available in continuous 
ater rad during shock periods as 
it Tire ine During subsequent test 
B dir ed Ss conducted in the same 
: Properties "he transfer of ac- 
ie, d continual] » these stimuli will be pre- 
j Used to y with certain head positions, 
is ig Panish them. The working hy- 
vant - T the probability of these 
these € probability of movements 
Ments oo will decrease because 
se Vor eds these positions are pun- 
of tpe Positions cause movements away from 
of ie anger si are rewarded by termination 
n. ignal and consequent reduction 


EXPERIMENT I 


tweg S. 
e s 
en 150 ae 14 male . hun 
a ad 180 E albino rats, each weighing be- 


Se " 
oy e. of RAY 

Coot Bleep oida: 1 p 
Ios diete nce of a Stimulus Associated with 


aeg, Ap 
Ou, PDreci. i 
ON emg el m ig at the MPA meeting in Chicago, 
[En Eat p, Mosel tor thie suggestions and 
o. ps Neal E. Miller, and also for the 
iS Cussants of the symposium, Drs 


- R. Grice. 


Apparatus 

The apparatus, described elsewhere (4), consisted 

of one unit in which all rats were run successively. 
A The outer compartment was an insulated metal box 
into which a small ventilating fan ran continuously. 
maintaining the temperature at 28° to 32° C. Tinie 
this box was a snugly fitting Quonset-shaped metal cage 
for the rat. The cage was clamped to a transparent 
floor 2 in. above the floor of the box. A slot for the neck 
of the rat, 134 in. high and 34 in. wide, was in the front 
end of the cage. To prevent escape through the front 
slot, a bar was placed M in. in front of the slot and 
at the height of 7g in. With the cage placed around a 
rat and escape through the front slot prevented, the 
remaining activity of the rat consisted of occasional 
postural adjustments and frequent head and tail move- 
ments. 

Lateral flexions of the animal's head were recorded 
by two photoelectric cells, one above each side of the 
head. Under the transparent floor, directly beneath 
each photocell, was a Tw. 115-v. clear light bulb, from 
which most of the heat and visible light was filtered by 
a thin bottle of iodine solution. The sensitivity of each 
photoelectric unit was adjusted until rotation of a 
dummy rat head to a position more than 22? off center 
actuated the relay for that side. This relay remained on 
until the head came back to less than 12° off center. 
Each relay controlled a pen of an operation recorder, 
the paper chart of which was moving 136 in. per min. 

The electric shock consisted of an alternating current 
of 0.20 Ma. through moistened felt electrodes clipped 
to the tailof the rat. This current was supplied by 120 v., 
60-cycle a.c. in series with 0.1 megohm protective re- 
sistance, 1.0 megohm variable resistance, and a meter 
with a maximum range of 0.30 Ma. 


The blinking stimulus was a I 
fluctuation in the indirect illumination. A shielded T-w., 


115-v. light bulb in the center, in front of the rat, was 
turned off and a motor-driven microswitch alternately 
lighted for 0.2 sec. each, a similar bulb on the right and 
then a similar bulb on the left. All bulbs were operated 
at approximately one half their rated voltage, providing 
Jess than 1 ft-c of illumination of the eyes of the rat. 

The recorder and all relays, switches, and clock 
motors were in one room; the photoelectric cells and 


cage for the rat were in another room. 


S.cycle per second 


Procedure 


Each rat was placed on the transparent floor and the 
cage was snuggled down over its body and feet. The 
horizontal bar was placed under the chin to prevent 
escape through the front of the cage. The cage was 
centered and then fastened to the floor. Electrodes were 
clipped to the tail, the photoelectric cells were swung 
into position over the head of the rat, and the lid of the 
box was closed. The fan was turned on, forcing air past 
the infrared light sources under the transparent floor 


and out of the top o' the bos. 
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Each rat was left in this apparatus for three adapta- 
tion periods totaling 50 min. Each rat was randomly 
assigned to one of two groupsuntil a total of seven animals 
had been assigned to each group. During the three suc- 
ceeding shock periods, shock was applied for 5 sec., 
once each minute for 90 min. During theseshock periods, 
each rat was subjected to one of two treatments. The 
“Before” treatment consisted of blinking the illumina- 
tion throughout the 1 sec. before each shock began. The 
“During” treatment consisted of blinking the illumina- 
tion throughout the fifth and last second during each 
shock. 

Beginning immediately after the last shock period, 
the blinking was tested to see if it had acquired any 
punishing or negatively reinforcing properties. During 
three 30-min. test periods between which there were 
two 24-hr. breaks, the photoelectric cells blinked the 
light as long as the rat’s head was on the nonpreferred 
side. (The nonpreferred side for each animal is the side 
on which it spent the smaller amount of time during 
the last shock period.) 


EXPERIMENT II 

Subjects 

The Ss were 20 male albino rats, each weighing be- 
tween 150 and 180 gm. 
Apparatus 

The apparatus differed from that of the earlier ex- 
periment in the following respects: (a) The neutral 

TABLE 1 

Reinforcing Effects of a Blinking Stimulus Which Had 

Been Presented Before or During Shocks in Period 1 

(Group means [N — 7] of total frequency and total 
duration of responses in seconds and of mean reciprocal 
[X 1000] of latency and mean duration per response.) 


LEVEL OP 
RESPONSE DATA FROM SUCCESSIVE | CONFIDENCE 
30-MIN. PERIODS 


FOR THESE 
DEPENDENT HYPOTHESES 
VARIABLE 
During Group Before Group 3-1 
3e3| = 
1 2|38]|4 1]2]|3]|4 g= 
Reinforced 
side 
Frequency | 32 | 56 | 23 | 38 | 19 | 38 | 38 | 39 «04 
1/La- 19 | 34 | 18 | 23 | 17 | 16 | 39 | 25 
tency* 
Duration 72 134 | 42 | 71 | 43 | 95 [325 |164 .05 
D/F 2.2 |2.5 |1.8 |1.8 2.5 |2.4 |5.8 |4.2 | .07 | .05 
Other side 


Frequency | 84 | 87 | 64 | 81 | 66 | 82 | 40 | 51 


Duration |503 |462 |215 |409 |377 |640 | 59 |191 | .04 
D/F 4:8|7[109| 7T|13|10| 3| 7 
Both sides 

Frequency |116 |142 | a8 |120 | 84 [120 | 79 | 90 


Preference | 30 | 45 | 28 | 36 | 25 | 33 | 50 | 54 
(76) s 
Duration |575 |596 420 |735 |384 |355 
Preference | 17 | 36 | 24 | 29 | 18 24 | 56 | 57 
(%) 


* Represents average quickness with which the head returned 
to reinforced side after leaving it. Four of the 56 scores determin- 
ing this row of means were estimated by interpolation. In all 
other statistical computations, records of Ss with incomplete 
data are discarded rather than estimi ted by interpolation, 
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stimulus was the clicking of a 110-v. a.c. relay behind 
the shielding partition directly in front of the rat. The 
armature was padded so that the downward, but not 
the upward, movement produced an audible click. This 
relay was actuated by the same motor-driven micro- 
switch in the adjacent room which blinked the illumina- 
tion in the previous experiment. (b) A 30? lateral flexion 
of the head was required to close the photoelectric 1e- 
lay; return to within 22° of center opened the relay. 


Procedure 


Procedure differed in the following respects: š 

a. There were no adaptation periods. Each rat wê 
in the apparatus for three consecutive periods, one hr. 
min. shock period being followed immediately by 1 for 
(periods 2 and 3) during which stimuli were tested 
negative reinforcing properties. 

b. The neutral stimulus occurred either through A 
the 3 sec. before each shock or during the middle 3 sec- 
of each shock. efore 

c. During test periods only one half of the ee s 
and one half of the During group received the cli A 
as long as the head was on the nonpreferred side. i 
rest were given only one click each time the head e. 
to the nonpreferred side and interrupted the light b ter: 
No click was audible when the head returned to E ve 

d. The front feet were bound together with adhe: 
tape so as to reduce the extent of twistings aroun 
longitudinal axis. dim 

e. Data were recorded from chronoscopes an 
pulse counters. 


out 


RESULTS 


The skewness of distributions of durat 
and frequency noticed in Experiment M. 
markedly reduced or absent in Experiment ^ 
presumably because of item b under Appa an 
and item d under Procedure above. Howe 
in order to make analysis of the data ** ic 
both experiments comparable, a nonparame c 
test (7 15) was applied to each, with ce 
levels of confidence being approximate 
linear interpolation and extrapolation. , js 

In order further to facilitate compa? wo 
between the two experiments, the same ent 
null hypotheses were tested in each experi oup 
(a) the Before group and the During jod 
data from the second reinforcement e 
period 3, are random samples of the fot 
population, and (b) as a partial cont% pd 
individual differences, the Before grouP jod? 
the During group changes between Peo? 
1 and 3 represent two random samples m 
the same population (see the last two ©° 
of Tables 1 and 2). o 

Finally, comparisons between the, pi a 
periments were simplified by pooling i» 
from the two reinforcement procede sc 
Experiment II. In this experiment, 1°? tes! 
ment by continuous clicking during 


e 
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pu Produced a greater difference between 
uration nd During groups’ frequency and 
rte cl oo than reinforcement by 
scan : Level of confidence for interaction 
001 for nds and testing procedures was 
Eus € change in duration on the rein- 
similar ^ though no significance attached to 
ffequen fraction with respect to change in 
even x on the reinforced side. However, 
fed 3 orcement by the single clicks in- 
2 n both cases that learning in the 
toup E was greater than in the During 
i Es though. in no case was the group 
Sampl e statistically significant for the small 
dy of five cases). 
ences E and 2 indicate the following differ- 
Broups, Ty een data for the Before and During 
null Brother a to d lead to rejections of the 
difference eses and also reject them by group 
„aces Which are in the exact opposite of 
Irection predicted: 
a eny of head movements toward 
more in oe side increased significantly 
. The e Before than in the During group. 
Quickness reciprocal of latency, or the average 
Teinforced with which the head returned to the 
creased side after having turned away, 
oup Significantly more in the Before 
though an in the During group in Table 2, 
Table a difference in the same direction in 
footnote d ed significant (see 
feing, etel duration of head position on the 
"the Bef, Side increased significantly more 
I bot k ore group than in the During group 
that ee uments, Further analysis indicates 
he d i Boone kdr s data in 
Tea. caa lance of the Before grou) 
first ance Significantly (F = 66.01) bebe dn 


Such in c third period. In Table 2, however, 

Re Gron nge is not as pronounced (F = 1.2). 

m x d means of individual mean dura- 

B a redi a (D/F) on the reinforced 
e s ore in 

i uring ues the Before group than 


side Response 2 
age ® € in S on the other, nonreinforced, 
ECteg ; Seneral 


Rr in ti Not significantly differently 
Sup,” the Before group than in the During 


Mo, Stal 
Nog m the pbOnses to both sides increased 
Cha, "Ver, Sfore than in the During group. 
deta eS in J n a partial control for these 
;.. Benera] activity is instituted by 
Mean preferences for the rein- 
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TABLE 2 
Reinforcing Effects of a Clicking Sti i 
g Stimulus Whi 

Been Presented Before or During Shocks in Las 

(Group means [N — 10] of total fre 
total duration of responses in icine, cd eden 
reciprocal [X 1000] of latency and mean duration per 
response.) P 


RESPONSE DATA FROM LEVEL OF 
SUCCESSIVE 30-MIN. CONFIDENCE 
DEPENDENT TENDS Be 
VARIABLE Å eee 
During Group|Before Group Es 
1]2]3|1|2]|3|] | sos 
Reinforced side 
Frequency 43] 14| 21| 40} 24| 43) .01 | .03 
1/Latency 25) 8| 12; 23| 14| 20) .01 | .01 
Duration 45| 16| 13| 47] 37| 88| .03 | .02 
D/F .9/1.2/1.5]1.1/1.4/2.1 .06 
Other side 
Frequency 67| 33| 41| 70| 32| 56| .07 
Duration 127| 99| 65| 87| 56/117 .07 
D/F 2.212.7]1.9]1.3]1.7]1.9 
Both sides 
Frequency 110| 47| 61|109| 56/100 .05 
Preference (95) | 38| 30| 34| 36) 44| 51| .07 | .04 
Duration 172/115| 96]134| 93/205| .05 | .01 
Preference (%) | 25| 24| 27| 31| 37| 51| .07 


forced side, ie., mean of individual ratios of 
response frequency (or duration) on the rein- 
forced side relative to response frequency (or 
duration) on both sides, the Before groups 
show an increasing preference for the rein- 
forced side in both experiments. Although 
group differences in increases in preference 
are significant in only one out of four instances, 
the trends are similar in both experiments. 
Additional similarity between experiments is 
apparent when one observes that, although the 
design of the experiments was such that no S 
preferred the reinforced side during period 1, 
the following percentages of Ss preferred the 
reinforced side during period 3: In Experi- 
ment I, During group, 14; Before, 57; Experi- 
ment II, During group, 10; Before, 60. ——. 

g. The following is more nearly true of the 
Before groups than of the During groups: 
Those Ss with high relative frequency of 
moves toward the to-be-reinforced side during 
the shock period were temporarily (ie., 
during period 2) influenced, presumably by 
the danger signal, to pause longer on the rein- 
forced side. Net increase in duration per 
response (D/F) between periods 1 and 2 
correlates as follows with frequency preference 
during period 1: In Experiment I, Before 
group rho equals 70, while During rho equals 
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—.51. In Experiment II the correlations are 
10 and —.58, respectively. Three of the four 
correlations are statistically significantly dif- 
ferent from zero. None of the correlations 
between these variables for periods 1 and 3 
is significantly different from zero, however. 


DISCUSSION 


The results of both experiments indicate 
that the probability of a head movement 
toward a certain position, and also the total 
duration in that position, will increase if that 
position is accompanied by stimuli which had 
previously been associated with the onset of 
electric shock. This is opposed to our predic- 
tion that the animal would learn to avoid the 
position which aroused fear. Currently popular 
conceptions of secondary drive, anxiety, 
punishment, and repression do not appear to 
lead to a simple explanation of this result. 

Certain alternative explanations suggest 
themselves. Ours might be chance results due 
to sampling errors. This is unlikely, however, 
in view of the moderate levels of confidence 
and the similarities of the trends in the two 
separate experiments. 

It cannot reasonably be argued that the 
stimulus for the During group was in a more 
favorable temporal position to become a CS 
for fear than was the stimulus for the Before 
group. An earlier experiment with procedure 
similar to that of Experiment I (4) indicates 
that a blinking stimulus which had been 
presented throughout the third second after 
termination of the shock had effects which 
parallel those in the present During group with 
respect to duration and frequency of response. 

Data from the reinforced side, if they were 
the only data obtained, could be parsimoni- 
ously explained by stating that the stimulus 
in the Before group had a general motivational 
effect on total activity rather than a specific 
reinforcing effect limited to reinforced re- 
sponses. However, this explanation becomes 
complicated when data from the nonreinforced 
Side are used in the derivation of scores which 
are presumably independent of total activity: 
relative preferences for the reinforced side. 
When this correction is made for changes in 
total activity, we find that the preference of 
the Before group increases, if not significantly, 
at least similarly in the two experiments. 

Systems utilizing various concepts of rein- 
forcement—ranging from the limited concept 
of need reduction (10) throtgh the more gen- 
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eral concept of stimulation reduction (14) 
to the concept of stimulus change (6, 8, 18)— 
suggest to the author that not only fear but 
also any other response elicited by shock 
onset will tend to become conditioned to 
immediately preceding stimuli. In this con- 
nection it is somewhat surprising that among 
the experiments in the area of secondary motl- 
vation there have been few systematic observa- 
tions of overt responses elicited by the primary 
drive of shock (2, 11, 14, 17). 

Fifty-seven per cent of the movements 
occurring within the first second after shock 
onset were movements away from center in (B: 
experiment similar to Experiment I which 
employed a larger number of Ss (4). There 
fore, during period 1 the stimuli before shock; 
e.g. the stimuli of the Before treatments, 
would tend slightly to become conditione 
movements away from center. During the 
test periods, whenever the head moved towa" 
the reinforced side, the stimuli would occu" 
automatically. Any away-from-center mV 
ment tendency consequently elicited by th 
stimulus would facilitate the amplitude a 
hence duration of the ongoing movemen^ó 
since tendencies toward movement tO | 
opposite side would be under reciproc 
inhibition. The immediate effect of 5" gj 
events would be to increase duration E 
response (D/F) on the reinforced side, 
other things equal, to increase absolute 9 
relative total duration on the reinforced 
An alternative path to the same expectation 
the obtained increase in D/F would come fro E 
the additional observation that many ™° re 
ments during the first second of shoc 
mutually antagonistic. To this extent ° 
would expect the stimuli of the Before ae 
ment to arouse conflict or freezing whene? x 
the head is on the reinforced side durin’ < , 
test periods. The reduced effectiveness fing 
momentary click relative to continual click” e 
is interpreted as being more consistent with 
freezing hypothesis. ock 

Furthermore, the stimuli before. sh a 
become somewhat more likely to elicit, “ide 
CR, a movement toward the preferre 
than to elicit the opposite movement. he 
the test periods any movement toW?7 pich 
reinforced side would start the sign? 
would stop the head movement ane F jon" 
even start a movement to the opposite: que". 
reinforced side. We would expect a COPS” 
decrease in duration per respons? 
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mod side? That this is one of the factors 
ME runt seams is indicated by 
for = : The animals with the most preference 
durin oo toward the preferred side 
£x B shock period were the animals 
TONN e least increase in duration per re- 
i ree the reinforced side during the 
odse 
To aes of a danger signal to increase 
wd Pear of positions subsequently cor- 
well alee that stimulus seems to be equally 
i cing ained by the various reinforcement 
Hen às long as the importance of secondary 
fs ees but its tendency to also 
ment and S UNI. of the preceding move- 
returns t the quickness with which the head 
explained pa dangerous position cannot be 
without th y need- or drive-reduction theory 
action i e usual ad hoc assumption that any 
or ‘here prima-facie evidence for a motive 
i action. 
e possible that the frequency and quick- 
Ciis panse increased in the Before groups 
i these e duration „per response increased 
after pal qe in This increased D/ F or pause 
Would se move toward the reinforced side 
ason à p as reinforcement for the same 
à med id temporary removal from a box 
ening ae a manipulable puzzle (9), 
TEA Window in an experimental box 
r Sr. the length? of a cul-de-sac (13), 
Ummat sing the vigor and duration of con- 
3 ory activity (18): The S would not 
utg 5 Steps, or, if it did, it would be after 
ti oa delay so that some of the interocep- 
lisappe other stimulus events would have 
tion d or been replaced by new stimula- 
tioned to oe would have remained condi- 
th B he movement sequence which started 
ay-producing ("reinforcing") stimulus. 


Tetrag 


SUMMARY 


In " 
Strains À of two experiments rats were re- 
Visual ai a cage and either an auditory or a 
a uring yos was presented either before 
T i €ctric shock. After the last shock, 
the Nonprefe was automatically correlated with 
thee 8, dur en ed head position. In both experi- 
ais, enemies UE of this head position and also 
È cant} Y of moves to this side increased 

th Y more in the Before groups than 


uri Betori ] 
ng groups. Discussion points out 


2B 
Is i Or the: 
iT se 
Tebteg t analyses and other suggestions the author 


a 
See footnote W. K. Estes. 


| 
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difüculties in explanations utilizing concepts 

such as secondary drive (e.g., fear), punish- 

ment, or repression. These difficulties are not 

present in explanations derived from S-R 

contiguity theory. 
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SATIATION EFFECTS UNDER FIXED-RATIO SCHEDULES OF REINFORCEMENT! 
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In a fixed-ratio schedule the reinforcing 
stimulus appears only after a fixed number of 
responses has been emitted. Skinner (3, p. 385) 
has pointed out three consequences of such a 
schedule: 

a. The probability that a reinforcement will 
appear during a rapid burst of responses is 
high. Asa result, rapid responding is selectively 
strengthened. 

b. Rapid responding produces more fre- 
quent reinforcements. This in turn increases 
the rate of responding still more. A cyclic 
process is set up which culminates in a maxi- 
mal rate. 

c. The fixed number of responses becomes a 
discriminative occasion for reinforcement. 
Each successive response, as this number is 
approached, sets up a stronger occasion for 
reinforcement. This has the effect of making 
the behavior “self-generating.” As successive 
responses are emitted, there is an increasing 
probability that the run will be completed. 

Skinner has presented data illustrating these 
phenomena in rats (2) and pigeons (4), and 
has indicated the importance of ratio size and 
amount of reinforcement (3, pp. 103, 386). 
The present experiments were designed to 
investigate the effects of partial satiation 
upon food-reinforced fixed-ratio responding, 
and to determine whether the phenomena 
observed could be extended to cats and mon- 
keys. 

METHOD 
Subjects 

Four male Wistar rats, two male stock cats, and one 

female rhesus monkey served as Ss. All animals had 


extensive previous experience with lever pressing on 
regular and fixed-ratio schedules of reinforcement. 


Apparatus 


Skinner boxes of sizes appropriate to the different 
Species were used. A system of relays and timers auto- 
matically controlled the scheduling, recording, and 


reinforcement delivery. Responses were recorded on a 
Harvard Cumulative Recorder. 


1 The authors are indebted to Mr. Irving Geller for 


e Graduate School 

The cats, monkey, and two rats received liquid re- 
inforcement. This consisted of water for the p a 
50 per cent mixture of evaporated milk and water E 
the cats, and water sweetened with table sugar for 
monkey. Two rats were reinforced with food pelen 
.045 gm. in weight and manufactured from Purina Lal 
oratory Chow. 


Procedure 


Partial satiation was accomplished first i 
the animalsfor long sessions, during which & a 
number of reinforcements was secured, and secon ds 
feeding the animals before running. The experim 
was conducted in two phases. In the first phase, j 
liquid-reinforced rats were deprived of water for We 
before running; the cats were kept at 70 per ge 
their ad libitum body weight; and the monkey d- 
deprived of food and water for 40 hr. The two ey 
reinforced rats received all their food in the €XP 
mental situation and were run every day. The 55 
for 60 to 150 hr. at various fixed ratios in phase g ats 

Only the monkey and the two liquid-reinforce these 
were used in the second phase. Prior to phase 2, p 
animals were placed on a ratio of 25 responses on 
reinforcement for three sessions. They were kel 
this ratio for three sessions in the second phase. ater 
mediately prior to running, the rats had access to V 500 
for }4 hr., and the monkey was fed approximately 
cc. of the sugar solution. 


by running 


RESULTS 


e 
Sample records from the first phase ie 
presented in Figure 1 for one rat, one cat, dual 
the monkey. The rate for a given indiv! ate 
is essentially two-valued, with a zero p 

occasionally appearing just after a reinfor 
ment and a high, constant rate prevailing d 
other times. In the case of the cat, 99, 
pauses follow each reinforcement, even at " 
beginning of the record. These, however, «e, 
independent of the experimental proc" d 

resulting from a small residue of milk EL 3 
the rim of the liquid dispenser. Followin£ aeo 
reinforcement, the cats spent 5 to 1 this 
licking this residue. With the exception ° ppe 
artifact, the rates are generally regular 4 ying 
start of the sessions, with breaks of VY" od 
lengths beginning to appear as the P 
progresses. With few exceptions thes¢ A 
immediately after a reinforce” pep 

appear imme y h 


his assistance in the performance of this experiment. “Even at the end of the session, however: 
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m 1o 15 
te tts. 
tinfor 


nts : 
18 25:1 for the rat and monkey, and 


"ements, 
ike 
free Perio 
sient, i of no responding have become 
al Same rate is maintained when the 
After suppe Pond. 
In dur the time taken for pauses 
Orcement, the response rate 
qnin. of Saal the first, middle, and 
ch d not inc Session at a given schedule. 
Drey; the ani clude the first session, during 
a loy 8s EE adjusted its rate from the 
of ee €. The initial rate ranged from 
S hist of per minute for one of the 
Monkey md responses per minute 
Of the ini Yo variation greater than 1 
Ven en ea rate was observed within 
pj "atio “nions for a given animal at à 


Ino Bure 

hke ^ 2 s 

ny D is um sample records from the 

Wr Ad been. Same rat as in Figure 1 after 
lal gu 


Deen 
“atiati Prefed. The only effect of tke 
appears to be an earlier and 


25 
HOURS 


RT 
Ceme; Ple cumulative response records under fixed-ratio schedules of reinforcement. 
20:1 for the cat. The short diagonal s! 


45 


30 35 40 


Ratio of responses to 
trokes indicate rein- 


RESPONSES 


[J [7] 20 

HOURS 
Fic. 2. Sample records following prefeeding. Animals 
and schedules are the same as those in Figure 1. 


more frequent appearance of the periods of 
no responding. As a consequence, the total 
number of responses emitted during the experi- 
mental period is less. However, when the 
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animals do respond, their rates are the same 
(within 1 per cent) as those observed at any 
time during the first phase. 


DISCUSSION 


The general features of the fixed-ratio curves 
are in agreement with those previously ob- 
served by Ferster and Skinner. With respect 
to the pauses following reinforcement, they 
write, “With short enough ratios—under 60 
or so for the pigeon—there is no pause follow- 
ing the reinforcement. With larger ratios the 
pause increases as a function of the size of 
the ratio” (personal communication). The 
present findings indicate that these pauses 
are also under the control of deprivation and 
satiation operations. 

Of greater interest, perhaps, is the inde- 
pendence of the response rate from the feeding 
operation. If total responses had only been 
summated with a counter, and then divided 
by the length of the experimental session, it 
would have appeared as though feeding 
produced a lower rate. Examination of the 
moment-to-moment record, however, indicates 
that when the animals do respond, their rate 
is always the same. 

Connected with this is the observation that 
once the animal began to respond, it always 
continued without a break until the next 
reinforcement was received. When the animal 
responded, its own behavior set up a powerful 
discriminative occasion for reinforcement, 
each response generating a successor until the 
reinforcement appeared. Evidence for such a 
discrimination, or “count,” has been presented 
by Skinner (4) and Ferster (1). The present 
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data indicate that degree of satiation alters 
only the probability of occurrence of the first 
response in the run, but has no effect upon the 
discrimination responsible for the stable rate. 


SUMMARY 


Four rats, two cats, and one rhesus monkey 
were trained to press levers under fixed-rate 
schedules of reinforcement. The effects of 
satiation were observed (a) after a considerable 
number of reinforcements had been receive 
in the experimental situation and (b) after 
feeding the animals prior to running them. 

Characteristics of the cumulative respons? 
curves were similar to those previously ob- 
tained by Skinner and Ferster from rats an 

igeons. 

Pit he efect of satiation was to introduc? 
periods of no responding immediately followint 
reinforcements. However, when the animals 
did respond, their rates were constant am 
independent of the degree of satiation. p » 
feeding simply produced an earlier and de 
frequent appearance of the periods orm 
responding. 
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Fear E 
tes os ely) has been defined in stimulus- 
(10, : hoon as a conditioned pain reaction 
Stimuli are Cording to this view, if certain 
“Onditionin associated with pain through 
2 future Be presentation of these stimuli in 
a Con accompanied by pain, will elicit 
ca o the ae (visceral, kinesthetic, 
ped here riginal pain response. As em- 
“YPothetical’ the fear response refers to à 
plicit rean; Complex of such conditioned 

ar ma ctions, 

R as Aes be considered in its capacity 
f timents 6 revs! drive. A number of 
oq hae: 12, 14, 15) have been per- 
pu oint of e two major requirements 
ang capacit w: fear has been shown to 
rt ough it y to motivate new learning 
State of oe to act as a rein- 
nd of pe ea problems arising from 
the implicit hag concerns the persistence 
its y o ivational-re response in the absence of 
Wag UCtion) on eward conditions (pain and 
(a) elire 4 Med basis of which the fear 
1 © implicit f ere are two possibilities: 
espo, Pteinforc ear response may extinguish 
inp Ses and ement, just as fear-motivated 
elit fears other responses do. (B) THe 
h the?" Motivated c may persist, while only 
durin’ Connecti ed response is extinguished. 
A feas the We it has been suggested that 
t occurs reed trials the reduction 
i such close temporal proximity 


of 
the ; ViScera] : 
UN Implicit — kinesthetic components 


Poua o their E response that it serves to 
qvi 9 Serve il rr i Fear reduction 
an, de T; but į reinforce the fear-motivated 
x q the opment. e overt behavior results in 
NN plicit Of much reactive inhibition 
igtur. Tesne Sponses do not, the fear- 

p tish ,SPOnse might be expected to 


ri 5 
€ rapidly than the fear response 


Some data on extinction of fear are avail- 
able. Mowrer (12) and Estes (2) have shown 
that an avoidance response based on condi- 
tioned noxious stimulation will extinguish 
when the noxious stimulus is consistently 
withheld. Having established a fear response 
with shock stimulation in an avoidance train- 
ing setup, Miller (7) reported that the fear- 
motivated response persisted during a long 
series of nonshock trials, but eventually began 
to extinguish. May (6) demonstrated extinc- 
tion and spontaneous recovery of a fear-moti- 
vated avoidance response. These data suggest, 
in the main, that fear-motivated responses, as 
distinguished from fear responses, eventually 
extinguish in the absence of primary rein- 
forcement. In all cases the extinction trials 
were relatively massed. Some of the results, 
which show spontaneous recovery of this 
response after a period of rest, suggest that 
no real “forgetting” of the fear has occurred, 
but, rather, that the overt response is tempo- 
rarily suppressed by some kind of work- 
inhibition factor. This work could be in the 
overt response, in the implicit fear response, 
or in both. It is possible that if a high degree 
of distribution of trials were employed in an 
experimental situation, a fear-motivated re- 
sponse, once established, might be shown to 
persist with little diminution. If this were 


found, and no other motivational-reward 
:dentified in the situation, 
that the implicit fear 
motivation diminished ap- 
preciably. 
STATEMENT OF PROBLEM 
If it is postulated that (a) response strength 
js some joint multiplicative function of habit 
strength and drive, as Hull (3) does; (b) 
fear reduction serves to increase the habit 
strength of any overt response with which it 


is contiguous; and (c) the implicit fear response 
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has drive properties, then it can be deduced 
that under conditions of widely distributed 
practice, where inhibition due to work factors 
is largely obviated, a fear-motivated response 
will persist indefinitely with little diminution 
in strength. 

This statement could also be made about 
a hunger-motivated response. But in the case 
of a primary appetitive drive like hunger, 
the presence of the motivational condition is 
insured on each trial, and reduction in strength 
of the hunger-motivated response, with non- 
reinforced trials, must be due to other factors. 
In the case of a learned fear drive, reduction in 
the strength of the fear-motivated response 
when shock is omitted may be mirroring some 
inhibition of the fear motive itself. 

If the decrease in strength of fear-motivated 
responses in the absence of shock reinforce- 
ment, which has been reported, is due to some 
inhibitory work factor which has its origin 
in the overt response rather than in the im- 
plicit fear response, one might expect a con- 
siderable decrease in the strength of a fear- 
motivated skeletal muscular response under 
conditions of relatively massed practice, 
followed by strong recovery in strength with 
the passage of time, and little diminution in 
that response under widely distributed prac- 
tice. The present experiment proposes to test 
these deductions. 


METHOD 
Subjects 


Thirty-five female albino rats from the colony main- 
tained by the Tulane psychology department were used. 
Twenty of these were naive rats, approximately four 
months old at the beginning of the experiment. The 
other 15 rats had previous experience in a problem-box 
apparatus, but had never been shocked or run in a run- 
way. These rats were approximately five months old at 


the beginning of the experiment. 


Apparatus 


The apparatus duplicated one used by Amsel (1). 
It consisted of a white starting box with a grid floor 
9 in. long, 234 in. wide, and 3 in. high and a connected 
straight, white runway 72 in. long, 214 in. wide, and 3 
in. high, also with a grid floor. The runway opened into 
a black goal box 12 in. long, 6 in. wide, anc 7 in. high, 
which had a wood floor. The bars of the grid in the 
starting box and runway were J$-in. brass rod, spaced 
14 in. apart. The starting box and runway were covered 
with opal glass, and white paper was placed beneath 
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the grids to eliminate irrelevant visual stimuli. A sliding 
guillotine door, painted white, separated the starting 
box from the runway. A swinging door located at the 
entrance to the goal box opened only from the runway 
into the goal box, and not in the reverse direction. It 
was painted white on the side toward the runway and 
black on the goal-box side. The goal box was covered 
with hardware cloth. 

Alternate grid bars in the starting bor and runway 
were wired in series so that when a rat touched alternate 
bars a circuit was completed. An electronic inductorium 
wired into the circuit provided a direct current that was 
broken five times a second by a relay. The relay made 
a fairly loud clicking sound. The current output was 
maintained at 220 microamps. The shock box had g 
large resistance incorporated so that variations in a rat's 
resistance had little effect on the amount of current 
received. 

At points 4 in. from the starting box and goal box, 
9-in. segments were cut out of the floor of the apparatus 
and hinged so that pressure on a segment would activate 
a microswitch. The distance between the two micro- 
switches was 4 ft. These switches were connected to a 
timer in such a manner that pressure on the first swit 
started the clock and pressure on the second swit 
stopped it. In this way, a response measure of running 
time was obtained. : als 

Eight small lights were spaced at equal interv «i 
along the length of the starting box and runway; abo B 
2 ft. above the apparatus. These lights could be con 
trolled by E with a knife switch. 


Procedure 


Preliminary training. Food and water were in the 
living cages at all times. Following handling, ea 
given six days of preliminary training. The purpo 
this training was to minimize variability on the expen” 
mental days by allowing Ss to explore the apparati 
and learn how to go through the swinging door into ing 
goal box. For the first three days of preliminary traing 
the procedure was as follows: The Ss were taken out 
their cages, put into a large pen, left for 10 min. Or 
removed one by one from there to the apparatus. ot Z 
S was placed first in the starting box, then in the 
way, and finally in the goal box. From there, S e 
placed in a small cage, and then returned to the hor 
cage. The doors in the apparatus were fastened 5° the 
S could not move from one section to another. OD. ese 
first and third days, each S spent 5 min. in each of Bae 
four sections, and on the second day, S spent 10 m 
in each of the four sections. NEC 

On the last three days of preliminary trainings i ge 
were taken out of the home cages, placed in the, lang 
pen, and left for 10 min. Each S was then placed 1? way 
starting box and left for 30 sec.; the door to the m 
was opened, and S was allowed to run down the P "m 
to the swinging door. The door was held partly Py. 
and S was permitted to go through into the goal ba 
where it remained for 30 sec. The S was then put o the 
into the runway, and the adaptation and training © pal 
door were repeated. After this, S was placed in the cage 
cage for 5 min. and then returned to the hom? 
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ae Ss were run in a predetermined random order on 
h day throughout the experiment, regardless of ex- 
eps grouping. 

Shoe training. Following the last day of prelimin: 
prin Shock training began. Each inal was d 
Hm trial per day in a darkened room. On any one 
dg. ^ ollowing procedure was used: (a) S was placed 
OE h arting box and 20 sec. were allowed to elapse; 
VR bp on the lights over the starting box and run- 
SS a after the lights had been on for 2 sec., E acti- 
chee pgd with shock and immediately raised the 
ae the starting box with a sharp snap; @ S was 
x pp wously shocked until it entered the goal box; (e) 
me esd 3 S entered the goal box, the shock box (click- 
Anei ) and overhead lights were turned off; NS 
ENS zi in the goal box 1 min.; (g) S was placed in a 

3 age, where it remained for about 5 min., and was 

Bae to the home cage. 
on te ea grouping. As each S reached its crite- 
mene ite le minimum running time over the 4-ft. seg- 
Broups Thes assigned to one of three experimental 
trials RE criterion was set at 7 out of 8 consecutive 
runnin ithin five-thousandths of a minute variation in 
groups e time. The Ss were assigned to the experimental 
a8 po S that the three groups were equated as closely 
Ee le for mean number of trials to reach criterion, 
dun Dine me on all shock trials, and mean running 
atypical e eight criterion trials. Any Ss showing very 

nin, performance, such as very slow or very variable 
Prompt] Speed, or failure to leave the starting box 
sho qued or to enter the goal box promptly when being 
Pomparzbilit, eliminated in order to insure maximum 
Original Es ty among the groups. Twenty-one of the 
ERE rats were retained. The group differences in 
not EXE the three equating measures were slight and 
on stically significant. Table 1 presents the data 

matching of groups. 

on utu on test days. The procedure for any one trial 
id ev. est days duplicated the shock-training procedure 
tereq ene except that shock was never adminis- 
that th e disconnected shock box was turned on, so 
€ sound of the switch and the clicking would pro- 


Mea; TABLE 1 
n Running Time under Shock and Mean Trials 
to Reach Criterion 


MEAN RUN- MEAN RUN- 
GROUP NING TIME* NING TIME MEAN NO. 
LONE MESS 
E 24.07 -| 23.08 17.86 
In 23.69 24.13 18.14 
] 23.88 25.14 18.86 
a id A AH 404 .066 
dones .051 .272 .185 
In 060 699 251 
Rie. 
1 Thess time is reported in thousandths of a minute. 


rst j 
dut their E Shock trials are not included in total trials 
x Teme irregularity obscured the remainder of the 


119 


duce, along with the onset of overhead illumination, a 
pattern of stimuli identical to those present during 
shock training. Each S in group I was given one trial a 
day for 60 days; each S in group II was given five trials 
a day for 12 days; and each S in group III was given 15 
trials a day for four days, a total of 60 trials for each 
group. 

For Ss in groups II and III there was a 2-min. inter- 
val between removal from the goal box on one trial and 
being put into the starting box for the next. They were 
placed in the small cage for 1 min. and then in the large 
pen for 1 min. They were taken from the large pen to 
the experimental apparatus. This procedure was fol- 
lowed to insure that the pattern of stimulation just 
prior to running in the apparatus was as comparable as 
possible for the three groups. The 2-min. interval was 
intended to insure that the stimulus traces from the pre- 
ceding trial had dissipated (16). 


RESULTS 


Figure 1 presents mean running times for 
the three experimental groups over the 60 
extinction trials. Inspection of the figure will 
show that the curve for group I (the one-trial- 
a-day group) is relatively smooth, and that 
it rises very little from the first to the last of 
the 60 trials. In contrast, the curves for group 
II (5 trials a day) and group IIT (15 trials a 
day) show considerable fluctuation from trial 
to trial, and there is a marked, though ir- 
regular, increase in median running time over 
the 60 trials. There is, however, a pattern to 
the irregularity; the sudden drops in the 
curves for groups II and III almost always 
occurred on the first trial of a day (trials 1, 6, 
11, 16, etc. for group II, and trials 1, 16, 31, 
and 46 for group III). In groups II and III 
the peaks of the fluctuation are usually on the 
last trial of a day. 

Because parametric tests of significance 
could not validly be made, the Mann-Whitney 
U test (9) was employed. Table 2 presents the 
results of this analysis for blocks of trials. 
'The analysis was performed with both means 
and medians, where each mean or median is 
an average of an individual S's performance 
over a. block of trials. After the first 15 trials, 
the means of Ss in group I were, in every case, 
significantly lower, at the .05 level of con- 
fidence, than those of group II. The difference 
between groups I and III was significant 
only over the last 30 trials. Analysis of the 
median data shows that in every case group I 
running time was lower than that of group II, 
but none of the differences reached signifi- 
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cance. Group I medians differed significantly 
from group III medians only during trials 
31 to 45. The mean data showed greater 
significance of differences because the means 
take into account the very long running times 
on the last trials of a day under massed condi- 
tions; in most cases these long running times 
did not affect the medians. 

For both mean and median data, group III 
running time was significantly smaller than 
group II running time during trials 16 to 30; 
none of the other differences was significant. 

In addition to the running time data, note 
was taken of other behavior of the rats during 
the extinction period. (a) The Ss were rated 
on the speed with which they left the starting 
box (latency) after the door was raised. 
An S was rated “1 SB” if it left the starting 
box in less than 1 sec., *2 SB" if it left within 
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TRIALS 


Fic. 1. Mean running time for three experimental groups on 60 extinction trials 


. 5 
1 to 5 sec., “3 SB" if it left within 5 to £ 


sec. and “4 SB” if the delay was over -3 
sec. (b) Note was taken of whether S tres 
around in the starting box during the 20-9 
waiting period before the door was kg 
(c) Each S was rated on how it entered t 
goal box after running to the end © 
straightway: “1 GB" if it pushed the 
open and entered by itself, “2 GB” if E ie 
to hold the door open, and “3 GB” if E im 
to push the rat into the goal box. It was 
sumed that weakening of the fear-motiV? 
response would manifest itself throug o3) 
increased delay in leaving the starting the 
in a lesser degree of orientation towa!“ „pd 
door during the 20-sec. waiting peri0C» qp. 
in refusal to enter the goal box readily. a ed 
servation in another experiment (1) indie od 
that failure to push through into th? 


doof 
bad 
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. TABLE 2 
Probabiliti 3 
abilities Obtained by U Test on Mean and Median Running Times for Successive Blocks of Trials 
GROUPS COMPARED TE 
E 1-15 16-30 3145* 46-60* 1-60* 
andIl ^" | Mean 
-267 (Dt .036 (I) .007 (1) .017 (I) 
í Mdn "355 (1) "159 (1) 090 (1) | .090 (2) “103 (1) 
Tand II 
I ag .500 (I) .475 (III) .017 (T) .051 (I) .026 (1) 
Adn .310 (III) .191 (III) .026 (I) .267 (I) .583 (I) 
II and 
nd IIT Mean .310 (III) .027 (III) -500 (II) .500 (II) -402 (III) 
Mdn .191 (III) .013 (III) .355 (II) .500 (III) .130 (III) 


*N in 
re 
2 Broup I = 6, For other groups, V = 7 throughout. 


‘ures in Indi 
parentheses indicate group with smaller running times. 


box on r 
Telated 

Tunning 
Average 


caching the end of the runway seemed 
to weakening of the fear-motivated 
Tesponse. No attempt was made to 
<i ratings, since they were not meant 
owever me equal intervals of any sort. 
fis ese or each group a mean was obtained 
that Umber of trials on which the rats in 
Table 3 > exhibited each type of behavior. 
man Presents the results of this analysis. 
that the. os the JV's involved are so small 
he ata are suggestive only. 
is one ry picture presented by Table 3 
Statement ich would lend confidence to a 
Wan, ünt that group I differs from groups 
oÈ fear in the direction of greater strength 
E "ium responses. Twelve out of 
Uan d e differences between groups I and 
groups I and III are significant beyond 


the 
EU i 
5 level of confidence, and all 16 differ- 
havior ¢ TABLE 3 
in Leaving Starting Box and Entering 
Goal Box 
CATEGoR, IES poner $ FOR EACH COMPARISON 
Ea Gr.I|Gr.II|Gr.IJI| IXI |IXIII|IL X III 
SB 
2gp  |92.1737.4324.14| 4.236*5.210* 0.5711 
3 Sp a 14.71/21.00| 2.7651|3.958*|1.549 
4 SB Li 4.86/11.00| 2.57313.2171/2.241 
ù -17| 3.00| 3.86] 1.826 |3.1811| -486 
Thin, 
: E (13.6728.8621.00| 2.086 | .755 | -783 
GB 
2 GR mo 20.14/19.29/11.629*/5.458*| .142 
GB X 27.8634.00| 5.167*|4.119*| .859 
: :33/12.00| 6.71] 2.339 |2.7031]1.045 


Signs 
Enifi 
Ts, cant at 
i -01 
Bni nt at level, 
+05 level, 


ences are in the expected direction. In only 
one case is a difference between groups II 
and III significant at this level, and these 
differences are not always in the same direc- 
tion. 

The running time data and those just 
presented are in general agreement: the 
differences between group I and groups II 
and III were marked and consistent, whereas 
no consistent and reliable differences could be 


shown between groups II and III. 


DISCUSSION 


The results of this experiment are in general 
conformity with the original hypothesis. 
That is, there was little diminution in strength 
of the fear-motivated running response when 
extinction trials were widely distributed, 
whereas in the massed conditions, extinction 
of the running response was more apparent. 
There was additional confirmation of the 
hypothesis in the observations made of other 
behavior. These indicated a greater manifesta- 
tion of fear in the distributed-trials groups 
throughout the extinction series. 

Tt has been suggested above that the more 
rapid extinction in the massed-trial groups 
might be due to work-inhibition factors. The 
various work or fatigue theories of extinction 
(4, 13, 17, 18) agree in general that the work 
involved in making a response, or the fatigue 
generated by responding, eventually act to 
reduce the strength of the response or to in- 
hibit it entirely. They suggest that even under 
a continuous pain drive, there would be a 
gradual diminution in response strength as 
the number of trials increases. (Data presented 
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by Amsel [1] show a gradual reduction in 
speed of running with successive massed trials 
under pain.) The work inhibition is conceived, 
in Hull's terms, as reducing the effective 
excitatory potential of the running response. 
It is possible that the work involved in the 
visceral and kinesthetic responses to the fear- 
arousing cues might result in some inhibition 
of the implicit fear response as well. In such a 
case we could speak unequivocally of the 
extinction of fear. 

With distribution of trials, and the relatively 
slight amount of work inhibition built up by 
a single trial, elimination of the fear-motivated 
running response may be virtually impossible, 
unless there is some reduction in strength of 
the implicit fear itself. That some inhibition 
of the running response does occur even under 
widely distributed conditions is suggested by 
the slight rise in the curve for group I over 60 
extinction trials. The present experiment 
cannot answer the question of whether this 
slight diminution in running speed is due to 
reduction in strength of the implicit fear or to 
conditioned inhibition based upon work in- 
hibition present in making even a single 
response, A more adequate test would require 
a fear-motivated response that involved 
less effort than running a 6-ft. runway. How- 
ever, the data of the present experiment do 
suggest that studies in which escape or avoid- 
ance responses are extinguished under rela- 
tively massed conditions are showing pri- 
marily extinction of the overt, fear-motivated 
response, rather than extinction of the im- 
plicit fear reaction. 

There is some evidence that the rises in 
running time built up on each day in groups 
II and III do not depend upon, or result in, 
any permanent reduction in fear of the situa- 
tion. This evidence is in Figure 1. It should be 
noted again that for group II the first trials 
of each day are trials 1, 6, 11, 16, 21, 26, 31, 
36, 41, 46, 51, and 56; for group III the first 
trials are trials 1, 16, 31, and 46. Every trial 
is, of course, a first trial for group I. When the 
first-trial running times of group II are com- 
pared with the corresponding group I points, 
it can be noted that in only two cases— 
trials 41 and 51—is the group II point ap- 
preciably higher than the group I point. The 
first trial points of Group III are in all four 
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cases practically identical with the correspond- 
ing points of group I. U tests performed on 
these data indicated that none of the differ- 
ences was significant at the .01 level of con- 
fidence. Only two differences were significant 
at the .05 level. On trials 6 and 21, the points 
for group II were significantly lower than those 
for group I. : 

In other words, spontaneous recovery of the 
extinguished running response in the massed 
group brings its vigor of performance to 
practically the same level as that of the dis- 
tributed group in almost every case where they 
are comparable. This means that the extreme 
loss in vigor of performance built up within 
any day in the massed-trial groups can ba 
attributed more reasonably to periphera 
work factors affecting the fear-motivate 
running response than to any permanent yi 
of fear. Whatever small permanent decrgme i 
in vigor is developed (presumably due to th 
build-up of s/n) apparently occurs in abo 
equal amounts in the distributed and masse 
groups. 

SUMMARY 


An experiment was performed to test iu 
effects of massing and distribution of extin®- 
tion trials on the persistence of a fear-mot! 
vated instrumental response. The condition® 
fear response was established by shocking e 
Ss (rats) in a runway, and the response meas’ | 
used was the time required to traverse ET 
runway to a shock-free goal box. After bem: 
equated for their performance under the shoc 
condition, three experimental groups receive? 
respectively, 1, 5, and 15 extinction trials 2 B. 
to a total of 60 trials. The results indicat 
that there was very little diminutio? —. 
strength of the running response in the pral 
trial-a-day group, but a considerable dnn i 
tion in strength of the response in the mas | 
trial groups on any one day. The opus s 
group differed markedly from the other ce 
groups; there were no important differen”. 
between the two massed groups. Recover? est 
strength of the running response after M 
occurred in both massed extinction £T? rial 

The discrepancy between the o aine 
group and the massed groups was an to 
by work-inhibition factors which br in 
inhibit temporarily the running respo 
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me massed-trial groups. It was suggested that 
e implicit conditioned fear response might 
zm indefinitely, and that data showing 
S ction of fear are, for the most part, show- 
& primarily extinction of the overt fear- 
Motivated response. 
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of the rats in the shock group one ECS per day for 10 
days, or for 25 days in the second study. The procedure 
for administering the ECS was similar to that described 
by Braun, Russell, and Patton (2). A current of 20 
Ma. applied for 1 sec. was sufficient to produce a severe 
grand mal convulsion. Immediately after a rat’s convul- 
sion had ceased, the animal was placed back in its living 
cage. Following the ECS series of the shock group and 
the corresponding rest period of the rest group, all the 
rats were given a 20-day retest, 10 trials per day, for the 
stability of their fixations. 


RESULTS 


In the 10-day study, 2 out of 15 rats in the 
shock group and 1 out of 14 in the nonshock 
group solved the discrimination problem in 
the postshock and postrest tests, respectively. 
Tn the 25-day study, 3 out of 12 ratsin theshock 
group and 4 out of 13 in the nonshock group 
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solved the discrimination. These differences, 
i.e., a difference of 1 between the shock and 
the nonshock groups in both studies, are ob- 
viously not reliable and indicate clearly that 
administration of a series of 10 or of 25 ECS 
under the conditions stated had no major 
effect on the stability of the rats’ fixated 
responses. 

Maier, Glaser, and Klee (9) have shown that 
the differences between the jumping response 
latencies to correct and incorrect stimuli can 
be used as an indication of the fact that the 
rat, although fixated, is nevertheless able to 
discriminate between the bright and dark 
windows. An analysis was made, therefore, o 
the response latencies of rats with position 
fixations that did not solve the discrimination 
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Pop 
ion Eu uring the postshock or postrest fixa- 
in les, In the shock and rest groups of both 
Figures Tesults of this analysis are shown 
TRS ten and 2. 
in Were as y curves of the 10-day study (Fig. 
pie Sho ted from the data of five animals 
Don’ Of the Broup and six in the rest group. 
in Hed fron, 20-day study (Fig. 2) were also 
of the Shock ve and six animals, respectively, 
S of ih Test groups. A comparison 


Sh 
Ows that the difference in average 


€ upper and lower halves of - 


een the correct and incorrect re- 
sponses of the shock and rest rats is about the 
same during the first and second tests for fixa- 
tion. This indicates that a 10-day rest period, 
or the series of ten ECS applied to the shock 
group, did not result in any loss of the dis- 
criminatior habit, at least as far as could be 
measured by comparing latencies. 

However, a comparison of the upper and 
lower halves of Figure 2 shows that during the 
two days following the 25-day ECS series, 
the latencies of the correct and incorrect 


latencies betw 
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responses of the shock group increased. These 
increases may have been due to confusion on 
the part of the rats in making their discrimi- 
nations, or they may have been the results 
of general retardation in their over-all re- 
sponses following the shock series. 

A further analysis was made of the stability 
of the fixated responses during the postshock 
and postrest tests for rats that failed to solve 
the discrimination problem. This analysis 
consisted of counting the number of times a 
rat deviated from its fixated response; ie., 
if a rat had a fixated response to the left, 
any jump to the right would be considered a 
deviation from its fixation. It was found that 
no shock or rest animal in the 10-day group, 
and no rest animal in the 25-day group de- 
viated from its fixated response during the 
second test for fixation. But seven of the nine 
rats in the 25-day shock group showed varying 
amounts of deviation from their fixated re- 
sponses during the postshock test. Four of 
these altered their original fixations, three 
shifting from a response to the bright window 
to a position response, and the fourth shifting 
from a position response to the left side to 
a response to the right. Of the four, three 
had shifted their responses by the fifth day 
of the postshock test. Each of the three re- 
maining rats showed a deviation from its 
original responses on only one day, either the 
first or second, of the postshock test. These 
results indicate that the series of 25 shocks 
caused some degree of variability in certain of 
the rats’ fixated behavior. 


CONCLUSION 


From the above results it is concluded that 
the application of a 10- or a 25-day series of 
ECS under the conditions stated had no major 
effect on the stability of the rats’ fixated re- 
sponses, although the longer series of shocks 
produced minor degrees of retardation and/or 
confusion in the discrimination responses and 
minor degrees of variability in the fixated 
responses. 

„The question as to why the two ECS series 
did not have greater effect on the fixated 
_ cannot be answered from the results. 
ee T, several possible reasons are as fol- 


1. Fixated behavior established through 
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frustration is especially resistant to altera- 
tion. This suggestion is supported by the work 
of Maier, Glaser, and Klee (9) and Maier and 
Klee (10). 

2. The fixated response was overlearned 
during the 16-day frustration period and et 
20-day preshock test period to the degree tha 
the ECS had little or no effect. Experiments 
by Worchel and Gentry (14) and by Braun 
and Albee (1) lend support to this hypothan 

3. The number of shocks administered ". 
day was too small. The work of Worchel an 
Gentry (14) suggests this possibility. E 

4. Finally, the effects of the shocks his 
dissipated because of the time interval betwee! 
shock and retest. The study by Duncan 
bears on this point. 


SUMMARY j 
Two studies were conducted to determin 
the effect of electroconvulsive shock The 
on fixated jumping behavior of the rat RA 
animals were trained, frustrated, and give t 
20-day solvable problem discrimination -ng 
for the stability of their responses. Fol 
this, they were divided into shock an dy 
groups. The shock animals in the first pe e 
were given a 10-day series of ECS, and t rie 
in the second study were given a 25-day dies 
of ECS, while the rest animals of both Pollo" 
rested the respective number of days. F? iod» 
ing the shock, or the corresponding rest per ne 
the rats were given a 20-day retest tO" 
stability of their fixations. 0-day 
The results showed that neither the 1 was 
series nor the 25-day series of 5 


effective in causing the rats to abandon irs, 


fixations and learn the solvable Pr da | 


However, they did indicate that the 2 Ja 
series of ECS caused an increase in 1° pe 
tencies of the jumping responses during a 
first two postshock days’ trials in discrim”"; ppe 
the positive from the negative stimuli, ity 
25-day shock series also caused some var!? 

of the rats’ fixated responses. 
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EFFECTS OF ANXIETY AND MORPHINE ON THE ANTICIPATION AND 
PERCEPTION OF PAINFUL RADIANT THERMAL STIMULI 


CONAN KORNETSKY? 
National Institute of Mental Health, Bethesda, Maryland 


Hill et al. (3, p. 473) have suggested that the 
emotional status of S may alter the results in 
pain perception experiments. Using electric 
shock as the stimulus, these authors demon- 
strated that when E's attitude was reassuring, 
S's pain threshold was approximately as high 
as it would have been had morphine been 
previously administered. Also, a combination 
of both reassurance and morphine was no 
more effective than either alone. 

The present study is an extension of the 
experiment by Hill and his co-workers. It 
was undertaken to determine if similar results 
would be forthcoming when the more com- 
monly employed thermal radiation technique 
was used and if a reduction of S’s anticipatory 
anxiety by a reassuring attitude on the part 
of E could be observed and measured by means 
of specific measures of anticipation. Thus, 
by extending Hill et als findings, both in 
manner of stimulus administration and in 
method of measurement of S’s anticipation of 
the stimulus, it is possible to test the hypothe- 
sis that anticipatory anxiety is an important 
variable in pain perception experiments and 
that much of the analgesic action of previously 
administered morphine in such experiments is 
probably due to the diminution of this anx- 
lety. 

METHOD 
Apparatus 


Stimulator. The apparatus used to deliver the pain 
stimulus was similar to that developed by Hardy, Wolff, 


1 This paper is a portion of a dissertation submitted 
in partial fulfillment of the requirements for the Ph.D. 
degree at the University of Kentucky, Lexington. A 
part of the experiment was presented at the 1952 meet- 
ing of the American Psychological Association. 

The writer wishes to express his appreciation to Dr. 
James Calvin under whose direction this dissertation 
was completed, and to the members of the research 
staff of the U. S. Public Health Service Hospital, Lex- 
ington, Kentucky for their aid and helpful criticism 
throughout the course of this investigation, 


? Now at the Biological Laboratory, Long Island - 


Biological Association, Cold Spring Harbor, New 
York. 


and Goodell (2). Heat from a 1,000-w. incandescen’ 
lamp was focused by a lens through a round ape 
3.5 sq. cm. onto S's forehead. The length of stimu al A 
was determined by an electrically controlled edo. 
opened and closed a shutter which covered the aper! 
This timer was preset for 3-sec. exposures. 1 » 

Motor rbd lime. This measure was the timo b 
tween the onset of the stimulus and the time S rel the 
a key held depressed with the left knee; the Short 
latency time, the greater was the anticipation. feel 
was instructed to release the key when he began m 
a burning sensation. At the onset of the sima 
chronoscope was activated and then inactivated ni the 
release of the key. Latency time was determined 
nearest hundredth of a second. 

Galvanic skin response (GSR). The GSR appi 
consisted of a General Electric photoelectric-drive™ en 
recorder, a General Radio (Model 715-A) direct C"' for 


ratus 


amplifier, a pentode tube, and a 45-v. B batt iratis f 


supplying current to the pentode tube. This apP 
is a modification of one designed by Dr. R. C. Da 
Indiana University. m Antici- 
Three aspects of the GSR were studied. (a) occu! 
patory GSR’s,” defined as any responses tha ratus 
before the onset of the stimulus (the GSR PP" oh 
was switched on from 3 to 9 sec. before the onset 1 5 sec 
stimulus) and also as responses that appear UP to! mo! 
after the onset of the stimulus. The assumption iS after 
that any response appearing sooner than 1.5 d 
the onset of the stimulus would be anticip ae the 
“Latency of the GSR,” defined as the time betwer sR. 
onset of the stimulus and the beginning of the enre 
This was determined in seconds. If no GSR Kos at 
after the onset of the stimulus, the latency time for de 
particular response was scored as 3 sec. (c) “AMP. E and 
of GSR”—the basal resistance before each response ^ c; 
the resistance at the maximum of the response V 49 
determined in ohms. These data were converte st 
changes in conductance (micromhos) (4), in order g be 
GSR’s obtained from Ss differing in basal levels C0" 
validly compared. 


Subjects 


jo 
Thirty-two postaddicts (individuals with prev ch 
histories of opiate addiction who had not receive 
drugs for several months prior to the experimen! á 
used as Ss. They were randomly selected from Ss bli’ 
able for research purposes at the United States 1) 5 
Health Service Hospital, Lexington, Kentucky: | 
were serving sentences for unlawful possession 
cotic drugs. 


vis of 


Procedure 


our 
The Ss were randomly placed in one of tw HS 
One group was called the *Formal" group; 
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the «t n 
Were d group. The Ss in the Formal group 
ceiving neith y E in a formal, impersonal manner, re- 
G Bear reassurance nor explanation. The Ss in 
friendly ma group were treated by E in an informal, 
signed COMER receiving reassurance and explanation 
Situation. aate apprehension in the experimental 
atmosphere X eder E made an attempt to create an 
EN eo congeniality. The assumption was made 
ormal zd ould be greater in the Formal than in the 

Fach $ sant 
between S was tested twice with an interval of one week 
of morphine inn Half of each group was given 15 mg. 
ion, an ena during the first 
e Secon deson. er half received the morphine during 
lure feline the difference in E's formality, the proce- 
ce period was similar for both groups. After a prac- 
3 w. int Ss received two “standard” stimuli of 
Phine es di . Immediately after this, 15 mg. of mor- 
hour eae subcutaneously, if scheduled. An 
a random Pi uie of nine stimuli were administered 
C. apart The ler of intensities. Stimuli were spaced 90 
Y. to 4 10w e intensity of each series varied from 330 
Ss were V. (216 to 280 millicalories/sec/sq cm). The 


Weake, 


RESULTS 


TI 
Taye eae for all data are summarized in 
Bie comparison between control and 
Were cs conditions when Formal procedures 
t ed indicates that a statistically sig- 
greater number of stimuli were called 


TABLE 1 


Tou 
PM y 

eans, Differences between Means, and ?’s for 

All Data 
VARIA; CONDITION 
= GROUP T pirr.| 4 ? 

NES s trol | Morp. 

Um 

er of 

stronger ie Formal |13.3 | 11.1 | 2.2 | 2.82 | <.02 
Ponsege Informal | 12.1 | 11.1 | 1.0 | 1.00 | >.30 
Et 

tor I L| E 
tme ped Formal | 2.21) 2.42 0.21 | 245 | < 
| Informal | 2.44| 2.57] 0.13 | 1.46 | >-10 
feet Ofantici- | poms Ies: 

tory Gera | Formal | 18.81] 12.29 6.56 | 2.74 | <0? 
late Informal | 17.80| 14.80] 3.00 | 1.36 | >-10 
(je AC ES PRESSES. a nee e eT Ea 
m Formal | 1.27| 1.55] 0.28 | 2.31 | <.05 
Em Informal | 1.55| 1.79| 0.24 | 1.69 | >-10 
M re M m m 
thog,” micro- Formal | zn 5.54] 2.47 | 1.27 >.20 

informal | 5,36| 4.68] 0.68 | 0.75 | >-40 

IM 

1 


Axim 
May; Dum ni 
imum ae of stronger responses is 27. 
er of anticipatory GSR's is 27. 
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stronger under control conditions than under 
morphine conditions. Also, all the measures of 
anticipation, with the exception of amplitude 
of GSR, showed greater anticipation under 
control conditions than under morphine 
conditions at a statistically acceptable level 
of confidence. None of the comparisons be- 
tween control and morphine conditions when 
Informal procedures were used yielded sig- 
nificant differences. 

Although more stimuli were called stronger 
and there was greater anticipation under 
Formal control conditions than under Informal 
control conditions, this difference did not reach 
an acceptable level of confidence. 


DISCUSSION 


The results are in general agreement with 
the findings of Hill and his co-workers. The 
verbal report and all the measures of anticipa- 
tion with the exception of amplitude of GSR 
yielded significant differences between mor- 
phine and nonmorphine conditions when 
Formal procedures were used and failed to 
yield significant differences when Informal 
procedures were used. 

There is, however, one point of apparent 
disparity between the present study and 
Hill e£ al.’s findings. The latter authors found 
that under Formal procedures Ss overes timated 
the intensity of the test stimulus (standard 
stimulus), and when morphine was adminis- 
tered, the estimations were much more 
accurate; the mean was almost at the intensity 
of the test stimulus. This was not found in 
the present study except when the data for 
verbal report were broken down into an 
analysis of the number of stronger responses 
on the first series only. When this was done, 
it was found that Ss did overestimate the 
test stimuli when Formal control procedures 
were used. One possible explanation of the 
discrepancies in the results is that the thermal 
radiation technique of stimulation is not as 
“threatening” to S as the electric shock used 
by Hill e al. A plausible explanation for the 
fact that overestimation was found only in 
the first-series data in this study might be 
that more anxiety would be expected when S 
was first brought into the experimental room 
than after he was accustomed to the situation. 
Hill and co-workers also found greater over- 


estimation in the first three series of their 
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experiment than in all six series (they used six 
series of nine stimuli each). An important 
difference in method of the two experiments is 
that when electric shock is used as a stimulus, 
S cannot escape from the expected painful 
situation, since the electrodes are securely 
fastened to his hand. In the present experi- 
ment, however, S merely had to withdraw his 
head and he escaped the painful stimulus. 

The positive results obtained with verbal 
report strongly suggest that the conflicting 
results of earlier experiments employing the 
thermal radiation technique may be due to 
differences in the formality of the experimental 
procedures used; this could alter the amount 
of anxiety that Ss might have in an experiment 
involving pain. The importance of E's role 
is clearly demonstrated in this experiment. 
Differences in the interpersonal structure of 
the experiment result in discrepancies in 
evaluating the efficacy of morphine as a pain- 
relieving agent. 

The failure of morphine to alter the measures 
of perception and anticipation of pain when 
anxiety is diminished suggests that morphine 
is only effective when anxiety is present and 
that much of the analgesic action of previously 
administered morphine in pain experiments is 
due to the diminution of the anxiety associated 
with the pain. 


SUMMARY AND CONCLUSIONS 


The effects of subcutaneous injections of 15 
mg. of morphine on anticipation and per- 
ception of intensities of radiant thermal pain 
stimuli were studied under two conditions: 

1. In Formal conditions E treated S in a 
formal, impersonal manner, giving neither 
reassurance nor explanation. 

2. In Informal conditions E treated S in an 
informal, friendly manner, giving reassurance 
and explanation designed to mitigate ap- 
prehension in the experimental situation, 
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The assumption was made that anxiety 
would be greater under Formal conditions 
than under Informal conditions. 

The Ss were 32 postaddicts (individuals 
with previous histories of opiate addiction who 
had not received such drugs for a period of 
several months prior to the experiment). 
Along with the verbal report as to the intensity 
of the stimuli, motor and GSR measures of 
anticipation were recorded. 

The following conclusions were drawn: 

1. Morphine is most effective in raising the 
differential threshold to painful stimuli when 
anxiety is present. e. 

2. When a procedure to mitigate anxiety 1S 
employed, morphine does not significantly 
raise the differential threshold to paint? 
stimuli. . pe 

3. Morphine is effective in reducing hs 
anticipatory responses to pain when anxie y 
is present. . is 

4. When a procedure to allay anxiety 
employed, morphine does not significant) 
reduce the anticipation of the painful stimu'U? 

5. There is some indication in this exp°™ 
ment that reduction of anxiety can be : 
effective as morphine in the relief of ther 
pain and that morphine is only effective 25 ? 
analgesic agent when anxiety is present. 
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APP 
ROACH VERSUS AVOIDANCE IN AN AMBIGUOUS-CUE DISCRIMINATION 
PROBLEM IN CHIMPANZEES 


© ROBERT THOMPSON 
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(d ue on of the present study was to 
tendencies there is any difference in the 
stimulus 2 to approach the positive 
lus in a z (b) to avoid the negative stimu- 
Recent] oe discrimination problem. 
ive irda ge s (1) investigated the rela- 
the method s these tendencies in rats by 

icate th of “cue substitution." His results 
een | after a form discrimination has 
Positive o 7 established rats approach the 
ey avoid ject with the same efficiency as 
Study dif the negative object. The present 
attempt eas from Fitzwater's in that an 
avoidance 2 made to analyze approach and 
the establi endencies during rather than after 
An (emp of a discriminative response. 
Was em VERUM discrimination problem 
Ntation Es Which permitted separate pres- 
ing on] : approach trials" (those provid- 
trials the positive stimulus) and “avoidance 
Slim, S providing only the negative 


METHOD 
Subj ecis 


Our r 
2 ears ^^ chimpanzees, their ages ranging from 5 to 
e a, H der studied. Six Ss (Bokar, Don, Dehn, 
(orienta pro and Vera) were used for the three 
Wer? Alan g roblems, while the eight remaining Ss 
ab © used for ee Dag, Ked, Nira, Pan, and Soda) 
Drip, “*Perien d preference test. All Ss were consider- 
ho 9* to the ect with visual discrimination problems 
ad in in DK of this study. The animals were 
ten Vere gi ividual cages during the testing period 
Sular feeding. work sessions in the mornings before 


Abba, is 


h 

teg € mai 
engi ray, aa of the apparatus consisted of the 
ang ly of din or In Figure 1. It was constructed 
liq, et 10 in n. plywood. Two food wells, 1 in. deep 
Ven @ in, on SEPATU were covered by identical square 
fran, Wee Side). At the leading edge of each food 
3 two vertical supports acting as a 
ketr -in. by 4-in. stimulus plaques could 
Stay. The t ay and the food covers were painted 

Tay was enclosed in a wooden super 


t th 


i 
Now — 
University of Texas. 


structure which contained a vertically sliding, opaque 
screen. 

Three pairs of stimulus plaques made of pressed 
wood were employed as test stimuli: plain black vs. 
plain white; horizontal black and white stripes vs. 
vertical black and white stripes (3$-in. wide striations); 
and a black circle (radius of 1 in.) vs. a black triangle 
(2 in. on a side), both of which were painted on a 
white ground. 


Procedure 


The general training procedure for both the experi- 
mental problems and the preference test began with the 
screen in a lowered position. The E then adjusted the 
stimulus plaques and baited the proper food well. A 
trial was accomplished by raising the screen and slowly 
pushing the tray forward to a position where S reached 
through the wire mesh of its cage to displace one cover. 
Tf the choice was correct, 5 found a piece of fruit in the 
food well under the displaced cover. The tray was then 
drawn back, the screen lowered, and preparations were 
made for the next trial. The noncorrection method was 
used throughout. 

Experimental problems. An ambiguous-cue discrimi- 
nation problem was used to test the relative influence of 
approach and avoidance tendencies in chimpanzees. 
Three problems of this type were given to six Ss to 
be learned to a criterion of mastery. The order in which 
the problems were presented was the same for all Ss. 

Problem I consisted of a black-white discrimination. 
Three Ss were trained with white positive (the plaque 
to be approached) and black negative (the plaque to be 
avoided). The other three Ss were trained with black 
positive, white negative. Only one stimulus plaque was 
present on any trial—either the positive or the negative 
plaque occupied one of the two frames, while the other 
frame remained empty. Thus, the positive plaque ap- 
pearing below one cover (approach trial) signified the 
presence of food on that side. Contrariwise, the appear- 
ance of the negative plaque (avoidance trial) signified 
d on that side, consequently calling 
ther side—to the cover above the 


the problem 
presenting each of the two plaque: 
mann series (2), 
from the right to l 
regular order. One session 
day (15 approach trials and 15 avoidance trials) until a 


criterion of 16 consecutive correct responses was reached 
within a session. 

Upon reaching the criterion of learning in Problem I, 
the animal was immediately assigned Problem I, 
involving the differentiation of horizontal striations- 
vertical striations. Three Ss were trained with hori- 
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Fic, 1. Diagram of the test tray showing a black 
stimulus plaque set in one of the two frames 


TABLE 1 


Error Scores Made on Approach Trials and Avoidance 
Trials for Each of the Three Experimental Problems 


TRIALS RANGE MEAN ? 

Problem I 

Approach 27-117 | 67.3 <.05 

Avoidance 61-140 | 90.2 x 
Problem II 

Approach 38-74 56.3 <.02 

Avoidance 62-90 77.2 s 
Problem III 

Approach 20-102 | 76.0 >.05 

Avoidance 78-136 | 99.2 D 


* Calculated by Wilcoxon's method for paired replicates (7). 


zontal stripes positive, vertical stripes negative, while 
the other three Ss were trained with vertical stripes 
positive, horizontal stripes negative. The procedure was 
the same as that followed in Problem I, save that train- 
ing was terminated when S made 12 successive errorless 
responses within a session of 30 trials. 

After mastering Problem II, S was given training on 
Problem III, which required the discrimination of 
circle-triangle, the circle being positive for three Ss. 
The main difierence between Problem III and Problems 
Iand II was the presence of a “neutral” yellow plaque 
on each trial. That is, the relevant cue along with a 
plain yellow plaque appeared on every trial; the yellow 
plaque was placed in the frame opposite to that occupied 
by the positive or negative plaque. Training was con- 
tinued until S made 12 consecutive correct responses 
within a session of 30 trials. Use of the yellow plaque on 
each trial served as a control for a possible preference 
by the animals to approach a plaque rather than an 
empty frame. This preference may have arisen from 
Previous experience with problems which required the 
apa to displace stimulus plaques in order to obtain 
i Preference test. As a further test of possible preference 

ER a stimulus plaque over an empty frame, eight new 
chimpanzees ‘were .'equired to master a plaque vs. 
empty-frame discrimination. Four animals (Plaque 
Group) were trained to choose the cover over a plaque 
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and to avoid the cover over an empty frame. The re- 


maining four animals (Empty-Frame Group) had to . 


choose the cover over an empty frame and to avoid the 
cover over a plaque. A white plaque was used for two 
Ss in each group and a black plaque for the other two 
Ss in each group. The plaque was presented in random 
order in the left and the right frames, and training was 
terminated when S made ten successive errorless re- 
sponses. A preference for displacing the cover over 4 
plaque rather than a cover over an empty frame wou 
be indicated by better learning scores for the Plaque 
Group. 


RESULTS 


The six Ss that were trained on Problems 
I, II, and III required a mean of 363.3, 306.7, 
and 403.2 trials, respectively, to reach the 
criterion of mastery. Table 1 presents the 
error data for each problem in terms of as 
made on approach trials and those made un 
avoidance trials.? In Problem I the differenc 
between the mean error scores of the approac 
trials (67.3) and the avoidance trials (90. ; 
is significant at the .05 level of confidenc 
That is, the Ss performed more efficiently a 
trials in which the positive cue was pu 
than on trials in which the negative cue la 
present. In Problem II approach trials WC: 
again significantly easier to master than avo 
ance trials. The data for Problem III are za 
as extreme as those obtained from the i 
previous problems; although the differen 
between the mean error scores is large 207 tis 
the same direction, this difference lacks stat! 
cal significance. x M 

Performance on Problem III, which 
volved the use of a neutral yellow plaque 
each trial, suggests that the animals did not uw 
fer the cover to a stimulus plaque in Proble of 
I and IL This is borne out by the results 1 
the preference test, where one group of Es 
Ss (Plaque Group) learned to approach foi 
stimulus plaque, while the other group © oi 
Ss (Empty-Frame Group) learned to av“ 
the stimulus plaque. The Plaque GrouP is, 
quired a mean of 22.3 trials and 9.3 et? 


I$ 
whereas a mean of 22.0 trials and 10.8 d 


re^ 


of 
? Individual data for Problems I, II, and II uh c 
the preference test are contained in tables W. rico 
be obtained by ordering Document 4155 from A™ tion 
Documentation Institute, Auxiliary publ o0 
Project, Photoduplication Service, % Library ai vanes 
gress, Washington 25, D. C., remitting in ak 
$1.25 for microfilm or $1.25 for photocopiC,.. ict 
checks payable to Chief, Photoduplication 


Library of Congress. 
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AMBIGUOUS-CUE DISCRIMINATION IN CHIMPANZEES 


E difference approached statistical sig- 
It B (For individual data, see footnote 2.) 
efficien ae therefore, that the greater 
obtained 9 performance on approach trials 
ECL in all three experimental problems 
e e attributed to preferential tendencies 

aung at the beginning of discrimination 


training, 


DISCUSSION 


a results of each of the three ambiguous- 
ewer dto problems. showed that 
ished 7 were made on trials which fur- 
Which i pue plaque as against trials 
dm Do hed the negative plaque. These 
Bnzees | nterpreted as indicating that chim- 
than the spem an approach habit more readily 
the Mns earn an avoidance habit. That is, 
laque sun to approach the positive 
Present aoe cent reward) which was 
ciene n. approach trials" with greater 
Negative, i an they learned to avoid the 
Was Plaque (0 per cent reward) which 
be Rt on “avoidance trials.” It will 
Plaque that the empty frame—or yellow 
Consequent rewarded on half the trials and 
c id did not provide a differential 
is ap which a response could be based. 
ta e oe i avoidance description may also 
robl E of a “conditional reaction” (3). 
learned 2. ty for example, the Ss may have 
black 3 2 approach the plaque when it is 
eaten, (o avoid it when it is white. This is 
Ale, y the same interpretation as that 
Clusion à roposed and leads to the same con- 
Nore be an approach habit is established 
ecri ciently than an avoidance habit. 

Ane, Ption of the chimpanzee’s perform- 
‘Ver, ils terms of response selection (6), how- 
lett. a to difficulty. If the animals learned 
Ton ans .Tight-going responses to specific 
Wo} ag of stimuli, approach trials and 
a En Pip should have been mastered 
E mif antl acility. Since approach trials were 
of Lene ( T 5) pla to master, and since recent 
&, Sbonse etis doubt upon the concept 
bu timental selection, performance on the 
ay ately He Problems seems more appro- 
Sidance s ribed on the basis of approach- 

Me eiplai Specific stimulus plaques. 
dan are the differential approach- 
ect, reinforcement theorists may 
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take the position that reward of the correct 
response (which leads to approach behavior) 
contributes more to the learning of a dis- 
crimination problem than nonreward of the 
incorrect response (which leads to avoidance 
or nonapproach behavior). Perceptual theo- 
rists, on the other hand, may contend that 
the positive object represents a more effective 
cue for a discriminative response than the 
negative object. The adequacy of the two 
theoretical possibilities will depend upon 
future research. 


SUMMARY 


This experiment was designed to determine 
if there is any difference between the tend- 
encies to approach the positive object and to 
avoid the negative object in an ambiguous-cue 
discrimination problem. Six chimpanzees were 
required to learn each of three separate 
discrimination problems in which response to 
one of two identical food covers was deter- 
mined by the presence of the positive cue on 
some trials and by the presence of the nega- 
tive cue on other trials. In all three problems, 
fewer errors were made on trials providing 
only the positive cue as against trials provid- 
ing only the negative cue. Control measures 
revealed that preferential tendencies were 
not operating to produce this difference. 
These results were interpreted in terms of 
differential mastery of approach and avoid- 
ance habits. 
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GENERALIZATION OF AN AVOIDANCE RESPONSE TO VARYING INTENSITIES 
OF SOUND 


W. C. MILLER ax J. E. GREENE 


University of Denver 


The phenomenon of stimulus generalization, 
as well as a suggestion of the form of generali- 
zation gradients, was apparent in some of the 
classical conditioning experiments of Pavlov 
(10). Since that time, other studies have more 
thoroughly investigated stimulus generaliza- 
tion utilizing classical conditioning techniques 
(e.g., 1, 2, 5, 6). The relatively few investi- 
gations that have been concerned with this 
phenomenon in instrumental-response situa- 
tions have for the most part employed ap- 
proach responses (e.g., 3, 4, 9, 11). Further 
knowledge about the occurrence of generaliza- 
tion and the variety of situations in which it 
is manifested would be obtained if an avoid- 
ance training situation were used. Interest in 
avoidance conditioning accrues from its 
tendency to result in a greater resistance to 
extinction than approach training. Hence, 
resistance to extinction of an avoidance re- 
sponse may be sufficiently sensitive to reflect 
the effects of changes in the dimension of the 
conditioned stimulus. 

None of the studies measuring an instru- 
mental response has made use of sound in- 
tensity for the dimension of the conditioned 
stimulus with which to test the presence of 
stimulus generalization. Recent interest in 
intensity per se and its possible effect on 
gradients of generalization (8) makes it seem 
desirable to investigate responses given to 
varying degrees of sound intensity and then 
to evaluate those responses not only as a 
function of the extent of deviations from the 
original conditioned stimulus value, but also 
in terms of the direction of the deviations. 

The present study is an attempt to discover 
some of the effects of sound intensity on 
gradients of generalization utilizing a shock- 
avoidance technique. Animals were conditioned 
to make an avoidance response following a 
buzzer of a certain intensity, and then generali- 
zation was tested by extinguishing separate 
groups at differing intensities 


METHOD 
Subjects 


The Ss were 30 naive female albino rats obtained 
from the colony maintained by the zoology departmen 
at the University of Denver. The weight range We, 
from 55 to 159 gm., with an average of 103.7. The 
were assigned at random to six groups of five rats eac? 


Apparatus 


The apparatus consisted of a straight runway 50 d 
long and 5 in. wide with a goal box at each end meas! ^: 
ing 7 by 12 in. The apparatus was not covered : 
measured 28 in. in depth so that none of the D i5: 
escape. The rods of the grid floor were spaced % ^ 
apart, as measured from the inner circumference. 5 
allow feces to drop through. The grid was elec qe 
by the use of an inductorium operated with à SEP 
dry cell of 1.5 v. The secondary coil of the inductor d 
was set so as to deliver a current of 2 v. as mem 
across the grid. Since the rats were being condom 
to sound, an ordinary commercial buzzer was P E d 
at the side of each end box. The buzzers were aop 


on Celotex and then placed on cotton in order to 3 
nec 


sities, which are referred to as low, middle, 
operated from voltages of 38, 72, and 138, respec 
decibels V 
obtained with a Vu meter, and an estimate of the 2 
lute intensity of the lowest sound was made b; ^ 
masking sound produced by a Maico E2 audio " 
The microphone was placed 20 in. from the Pa 99, 
This procedure resulted in decibel readings of 9 pec 
and 108 for low, middle, and high intensities, T°; 
tively. Accurate timing of buzzer-shock relation’ ft 
was obtained by placing masonite discs on the 


of a kymograph cut in such a way that the par 
h for 7, 


box and runway. The kymograph was placed 
ferent room from that of the apparatus so t me and 
neous learning cues from the running of the p a tbe 
clicks of the switches might be eliminated 1° bt 
learning situation. A mercury switch Ope i » 
kymograph was placed in the experimental x desit? 
E could interrupt the kymograph sequence a 
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SOUND INTENSITIES AND 


A fluorescent light i i 
m aii light illuminated all parts of the appa- 


Conditioning Procedure 


Ig Preliminary handling or orientation was utilized. 
Toom for js ept in home cages near the experimental 
Food and w week prior to the experimental session. 
tioning ofa sa were available at all times. The condi- 
oxes, Both « i began by placing S in one of the end 
Counterba]a; end boxes were used as starting boxes in a 

was ae order for Ss within each group. The 
n cgo to stay in the starting box because shock 

"s initial in the runway and the goal box. After 
more) P oratory behavior had subsided (2 min. 
ina 4 a Started the kymograph, which caused the 
Operation Mig of the starting box to sound. During 

as free fro buzzer, 0.04 min., the entire apparatus 

a TE shock. Immediately after cessation of 
aoe came on in starting box and runway, 
On the next a to the goal box to escape punishment. 
ing box Ti rial, this end box then became the start- 
the kymo, ime between trials was varied by stopping 
Sidereq es raph for differing intervals. A trial was con- 
to the fr riae when S ran from the starting box 
Avoiding all m while the buzzer was sounding, thereby 
© consecuti, ock. The Ss were run to a criterion of 

ailed i trials in which shock had been avoided. 
Only ee E learn after 125 trials, it was discarded. 
Teach this s had to be replaced because of failure to 

Wzzer was saree After S reached criterion, the 
tumeq of justed to the appropriate loudness, shock 
Each S was and extinction trials started immediately. 
Menta] se s conditioned and extinguished in one experi- 
to leave feque The criterion of extinction was failure 
S'unding. oe during each of five successive 


or 


forcin 


Gro 
“ps and Conditions 


ie) 
108 d po the Ss were conditioned to an intensity of 
three M^ his group was then divided at random into 
bu zer EU of 5 Ss each; one group extinguished to a 
temas Of 108 db, one to 99 db, and one to 93 db. The 
9 T ES Ss were conditioned to an intensity of 
above’ oe into three groups, and extinguished as 
Co e strength of the generalized responses was 


~ uted : 
tion by comparing the number of trials to extinc- 


€ various groups. 


RESULTS 
Wo 
trig}, » Measures were taken: the number of 


Bis 
Condition criterion during the avoidance 
; Criterios and the number of trials to reach 
^ dones of extinction. The former measure 
Maree ms cance in demonstrating that the 
s Oi wep Subgroups within each avoid- 
NEM ae condition did not differ signifi- 
i dance € number of trials to acquire the 
“tance Pi panse, Also, it is of some im- 
O ascertain whether those animals 
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TABLE 1 


Mean Number of Learning and Extinction Trials 
for Each Group 


SOLOS STIMULUS TRIALS TO TRIALS TO 
Peod rini INTENSITY | CRITERION OF | CRITERION OF 
DORING CONDI- | PURING EX- LEARNING EXTINCTION 

TIONING (db) m 

Mean SD Mean SD 
108 54.8 | 35.7 | 53.0 | 64.2 
108 99 49.0 | 23.1 | 43.4 | 31.1 
93 51.8 | 14.4] 6.4) 1.2 
108 64.8 | 27.3 | 33.2 | 14.2 
93 99 79.0 | 38.0 | 29.2 | 34.0 

93 81.0 | 35.9 | 34.4 | 31.1 


conditioned to the high intensity of buzzer 
differed significantly from those conditioned 
to the low intensity in number of conditioning 
trials. The data on the number of learning 
trials for each group are presented in Table 1. 

Bartlett’s test of homogeneity of variance 
for the subgroups conditioned to the high 
intensity of buzzer yielded a chi square of 
3.62, which for 2 df falls considerably short of 
the .05 level of confidence. A simple analysis 
of variance between these three subgroups 
resulted in an F less than unity. A comparable 
analysis was made of the three subgroups 
conditioned to the low buzzer. Bartlett’s test 
resulted in a chi square of 2.20. The F was 
again less than unity. A ¢ run between the 
two avoidance training conditions was 1.92, 
which for 28 df falls short of the .05 level of 
confidence. 

The number of trials to reach the criterion 
of extinction for each of the subgroups is 
presented in Table 1. Although it was intended 
to utilize the analysis of variance technique 
on the extinction measures, Bartlett’s test of 
homogeneity of variance resulted in a chi 
square of 37.11, which for 5 df is highly 
significant. Consequently, Wilcoxon's T (13) 
for unpaired replicates was used in comparing 
these data. Since direction as well as magnitude 
of differences was the concern of this study, 
it was necessary, in order to use the one- 
tailed test, to extend the probability table by 
using the formula derived by Wilcoxon (12). 

In comparing the groups that were con- 
ditioned to the high intensity of buzzer, 108 
db, the following results were found: (a) 
the difference between groups extinguished at 
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zI5 GRADIENT TO 
ET STRONGER 
= INTENSITIES 
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93 99 108 


TEST STIMULI IN DECIBELS 


Fic. 1. Gradients of generalization as a function of 
deviations from originally conditioned stimulus values 


108 db and 99 db was not statistically signifi- 
cant; (b) the difference between groups ex- 
tinguished at 108 db and 93 db was significant 
at the .05 level; (c) the difference between 
groups extinguished at 99 db and 93 db 
yielded a p of .005. The resulting generaliza- 
tion gradient is plotted in Figure 1. 

In comparing the groups conditioned to low 
intensity of buzzer, 93 db, it can be seen in 
Figure 1 that the mean extinction trials ob- 
tained at the various extinguishing intensities 
closely approach a horizontal line. As one 
might expect, no significant differences were 
found between any of the three groups. 


DISCUSSION 


It has been demonstrated that generaliza- 
tion occurs to varying intensities of sound in 
a shock-avoidance situation. The results are 
generally in agreement with those reported 
by Brown (3) and Hovland (6). The generaliza- 
tion gradient shown in Figure 1 indicates a 
relatively steep gradient for animals condi- 
tioned at 108 db and extinguished at lesser 
values, whereas the gradient plotted for ani- 
mals conditioned at 93 db and extinguished 
at louder intensities closely approaches a 
horizontal line. It should be noted that the 
failure to find a significant difference between 
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animals extinguished at 108 db and those 
extinguished at 99 db in the former gradient 
may be in part due to the fact that a subjective 
scale of loudness differences is unknown for the 
white rat, resulting in an arbitrary selection of 
these stimulus intensities. It seems apparent; 
therefore, that stimulus intensity does have 
some influence on the form of a generalization 
gradient, and that the tendency to respond as 
measured in this experiment may be a joint 
function of two things: (a) the difference be- 
tween the training and test stimuli, and 
the intensity of the test stimuli. 

Any conclusion concerning the exact slopes 
of the two gradients is tenuous in view of the 
extreme variability of the data as well as the 
fact that only three test points were selecte! 
along the stimulus dimension. However, 3” 
inspection of the medians for the various a 
tinction subgroups yielded gradients sim”* 
to those plotted for means. 


an 


oe : H ce 
It is interesting to note that the differen?” | 


between the number of learning trials for 
high and low conditioned groups close! the 
proached significance at the .05 level, with a 
groups conditioned to low intensity taking 
greater number of trials to learn. Even E. 
there is comparatively little knowledge ne 
cerning generalization as a function of vic 
number of reinforcements, the available © 
dence (7, 10) indicates that relative extinct" 
rate of generalized responses should be T 
rapid the further the process of condition Je 


ly aP“ . 


has advanced. If this statement is appli, | 
to the present study, it seems unlikely that x! 


two different gradients obtained can be of 
plained on the basis of differing number ie 
conditioning trials since the groups having, sd 
greater number of reinforcements requit 0 
approximately the same number of trials e 
extinguish the generalized responses 25 der? 
original conditioned response. This consi "s 
tion appears to place even more importance p, 
the effect of intensity per se on generalizat 


SUMMARY 


: to 

1. Thirty female albino rats were trained ne 
make an avoidance response followin’ di 
sounding of a buzzer. Fifteen Ss were © 45 
tioned to a sound intensity of 93 db 2? a8 
to an intensity of 108 db. The response d 


„ extinguished at three different levels 9 "i 


ness to determine the magnitude of 
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oie Five Ss from each avoidance training 
b lon were extinguished at 108 db, five at 
, and five at 93 db. 
MM baia d gradients were plotted 
e S the mean number of trials required 
B les Ar criterion. of extinction: one 
es or, Ss extinguished at greater in- 
isi and one for Ss extinguished at lesser 
Bin s. A much steeper gradient of generali- 
us ae found when moving from high to 
to hi nsities than when moving from low 
igh. 
a was demonstrated that stimulus 
situation, used in this shock-avoidance 
generalizat, an influence on the form of the 
the tende ion gradient. It would appear that 
tion of iwi to respond may be a joint func- 
est sti € difference between the training and 
muli and the intensity of the test stimuli, 


in 
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THE EFFECTS OF INTERFERENCE ON RESPONSE STRENGTH! 


C. G. SCREVEN? 
Iowa Child Welfare Research Station 


It is rather commonly believed (though 
without much systematic evidence) that inter- 
ference in its various forms leads to some 
kind of distinctive or generalized "emotional" 
state, often termed frustration, which in turn 
energizes behavior. Available data do indicate 
that interruption situations are often followed 
by increased vigor of response (2, 4, 7, 8). 
A relationship between response strength and 
interference is also suggested by such non- 
experimental observations as the increases in 
voice intensity, “aggressiveness,” foot stamp- 
ing, etc., which frequently follow everyday 
interference situations. 

This article reports evidence concerning the 
effects of interference in a delay situation on 
response strength as measured by the rate of 
turning a crank. Several facets of interference 
were investigated. Interference was intro- 
duced at two distances from a subgoal; the 
interference situation was repeated on suc- 
cessive trials to determine possible cumulative 
effects; and two work levels were imposed in 
view of the possibility that work (fatigue) 
may be positively related to the energizing 
effects of interference (1). 


METHOD 
Subjects 


A total of 40 children of both sexes, between 45 and 
70 months old, were used as Ss. Twenty-five of the Ss 
were attending the University Elementary School; 
15 Ss were attending kindergarten at the public ele- 
mentary school at Coralville, Iowa. All Ss scored 100 
or better on Stanford-Binet tests. Most of the Ss were 
accustomed to participating in "games" with experi- 
menters or testers. 


Apparatus 


The apparatus consisted of a large box on the face 
of which was a crank, a vertical panel of 12 jeweled 
lights, a marble dispenser, and a red light. Turning the 
n UL MU NON NNN 


` This paper is based in part upon a dissertation 
Submitted in partial fulfllment of the requirements for 
the Ph.D. at the State University of Iowa. The author 
wishes to express his thanks to Dr. Vincent Nowlis. 
? Now at the University of Mississippi. 
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crank operated a sensitive relay which activated the 


succeeding events. If desired, the apparatus could be 
manually controlled from an adjacent room from whi 
S could be observed. A counter relay lit each pan 
light, one at a time, proceeding from the top of the per 1 
downward. At the bottom light, a solenoid dispense 
a marble into a small cup. The apparatus could be s 
either (a) to provide an uninterrupted succession of E 
panel lights at regular 5-sec. intervals to final DT 
of marble at the bottom light, or (b) to stop at ing 
point in this sequence for a period of 30 sec., ES. 
to the topmost panel position during the final 5 s! a 
the onset of this delay period was signaled by 4 bu 
and its duration was accompanied by a red light. 
second setting constituted the interference S! 
used in the present investigation. — d inde- 
The panel-light sequence mechanism operate e 
pendently of the speed at which S turned the is gres- 
However, if S stopped turning the crank, the PT 
sion of lights was reversed. Each half-revo 
crank was recorded on a polygraph, together Wa no 
succession of panel lights, the number and dural 1o Ie 
crank stops by S, and the onset and duration Det 
interference situation. Rate of crank turning Wie de- 
puted by counting the number of “pips” over t 
sired interval and dividing by two. 


Experimental Design 


Rate of crank turning was studied as a fu 
three experimental variables: (a) interference, D, an 
tion of interference (nearness to marble subg0* od, 
(c) work. Two levels of each variable were adminis! each: 

There were four independent groups of si jpte™ 
assigned at random to 2 X 2 combinations 9. ps of 
ference and work. Each S received both posita rea? 
interference. For later reference, the 2 X 2 inter © 
and work groups may be arranged as follows: 


HI HN 
LI LN 


where H and L stand for the higher and có 
conditions, and I and N stand for the interfere?“ riter 
noninterference conditions, Two positions 9. erit 
ference were administered to each S on each 17, (pis 
ence trial so that comparisons of the effects 
variable involved the same Ss. 


nctioD of 
(b) P^; 


oth 


Procedure +d 


sc dit 
Two sessions were administered to each E) p 
ally on separate days. Session I (preliminary n Se 
duced S to the procedure and rules of the sitt ortet” is 
provided data on rate of turning under nones Ü í iis 
conditions for all 40 Ss. On each of 11 SS ab l 
proceeded normally down panel at 5-sec- 3 disp” 
the twelfth position, at which a marble Ww? 


lution of the | 


wor | 
lower "gd 
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Tt took 55 
E i5 sec. for completion of this panel sequence. 
e 95 learned to wait for the sound of a bell before 
aan nim trial. This between-trials rest interval 
of the an all trials. The E turned the crank part 
SET Vine the first trial in order to demonstrate 
received 4 - No record was made of this trial, but S 
NE eee marble to place on the marble board. 
ls. Fach jw. was recorded for the following 10 
Son] eme Ad a total of 11 marbles. For Ses- 
Useless S i ed a 7-hole marble board and received 
(These ime les (red marbles) on the other four trials. 
quence ded. nonrewarded trials were in a random se- 
dur; Bike were found effective in maintaining interest 
the is preliminary training period.) During all but 
St (unrecorded) trial, E was out of the room. 


| essi o; : 
| than à n II (experimental) followed after not more 


ev * 
in he 7 s. The general procedure was the same 
the marble St ea marble boards were used, and 
oj ` td was fill d ivi ke- 
Ime Prize eich Gras, ed twice, S receiving a take 
escri 1 

groups ey earlier, the interference condition 
€ panel Ii np LI) was a 30-sec. delay and return of 
ference trial t to the beginning position. On each inter- 
sive], -OP ; two such delays were introduced succes- 
€ at the fourth panel light and once at the 


elevent; 
h n 
these ty Panel light (order randomized). Following 


e 
w ; : 
i Rally QM delays, the lights proceeded downward nor- 


the twelfth light, where a marble was received 
Dancy then ed the marble board. Each interference 
fuel seque: cluded two delayed and one nondelayed 
tSt trial ee followed by receipt of a marble. The 
Yolyg, "Of Session II was a nondelayed sequence in- 
€ normal 55 sec. This was followed by four 


ang 


‘ters 

ere; " 

3 t ar pen as described, a marble being received 
ar] of each. Marbles were placed in a five-hole 


srble h 
MUS erus At the end of these five trials, S turned 


a ree for a take-home prize. For trials 6 to 10 
fe al, his d was repeated, trial 6 being a nondelayed 
tence an, d uring Session II there were eight inter- 
two noninterference trials. The usual 30- 


of. D ween. tria]e ; 3 E 
f each €en-trials interval was given following receipt 


The marble, 
dop; * mai : 
0j ain difference between the interference and 


inte. 

efor po rente conditions was whether delay occurred 
fen’ introd: ter receipt of a marble. The 30-sec. delays 
D as at the same positions for both inter- 
t ever, Tec noninterference groups. Interference Ss, 
ottinte te cied no marble during delay periods, while 
S di. Ss received a marble at the beginning 
tee al for ne making it in effect a between-trials in- 
foy Ved Se ee Ss, Thus, noninterference Ss 
thei, interfer extra marbles, since HI and LI Ss had 
tan, Marble jme trials or eight delays while filling 
fece board Wee To make the time taken to fill the 
(s S, moi ie same for interference and noninter- 
Ab, er than eee Ss were given a 13-hole 
[ON Marb], dene marble board. Though the vari- 
3 fer Nee E board size is thus confounded with the 
We introduag ee this is considered less important 
` Tha ble earl a difference in time required to 
mot ee groups differed in terms 
[ise S were required to turn the cra 

C. delay periods. Since two 30-sec. 
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MEAM NUMBER OF TURNS PER SECOND 


Fic. 1. Mean rate of turning per trial for the four 
groups during Sessions I and IT 


delays were presented on each interference trial, the 
higher-work Ss turned the crank 1 min. longer per 
interference trial than the lower-work Ss. Each delay 
period was timed by a clock which operated automati- 
cally with the onset of interference. For HI and HN 5s, 
this clock ran only while Ss turned the crank during 
delay periods. For LI and LN Ss, the clock ran only 
when Ss were not turning the crank during delay pe- 
riods. 
RESULTS 

Session I 

Figure 1 shows the mean rate of crank 
turning per trial for Session I based on the 
total sample of 40 Ss. During Session I, mean 
rate per trial gradually increased from 1.03 
turns per second at the first trial to 1.31 turns 
per second at the tenth trial, an increase of 
.28 turns per second. This difference is signifi- 
cant at the .001 level of confidence (t = 7.44, 
df = 39). 

There were marked differences among the 
40 Ss in mean rate on trial 1 of Session I. 
The possibility was investigated that the 
slope of the rate X trials curve might be 
affected by the initial (trial 1) rate. The 10 
highest and 10 lowest Ss in trial 1 rate were 
selected and the rate X trials rate plotted. 
The curve for initially high Ss was compara- 
tively flat; the curve for initially low Ss in- 
creased steadily toward the level of the other 
Ss. An analysis of trends (6, pp. 350-351) 
was applied to these curves and the trials X 
rate interaction variance proved significant 
beyond the :01 level of confidence (F — 26.13, 
df — 9 and 162). This suggests the possibility 
that increasing rate may reflect increasing 
motivation from different initial levels owing 
to irrelevant drive components introduced 
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by receiving marbles, filling holes, etc., in a 
manner similar to that assumed by Hull (5, 
pp. 253-254) for dominant and nondominant 
drives. 


Session II 


Initial analysis was made in terms of mean 
rate differences between trials 1 + 2 and trials 
9 + 10. The mean rate per trial for each S$ 
was the mean rate for all panel positions and 
all panel sequences within each trial. On 
interference trials, the means include two 
delayed and one nondelayed sequence. 

Mean changes in rate for HI and HN Ss 
were +.204 and —.109 turns per second, 
respectively; those for LI and LN Ss were 
+.061 and +.085. Positive signs refer to in- 
creases in mean rate, negative signs to de- 
creases. When data were arranged in a 2 X 2 
table, the interference work interaction 
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variance was not significant (F = 2.95, df = 


1 and 36, p < .10). 

In the analysis of the simple effects, the 
above data, which involved only the first two 
and last two trials, were not used. A more 
conservative analysis of the siraple effects was 
thought advisable in view of the nonsignificant 
interference X work interaction variance. 
Further analysis is in terms of differences 3n 
trend between the various simple effects m 
which relative changes in rate for each of the 
10 trials is taken into account. These tests 


involved the hypothesis that the difference | 
between the population means of the group? | 


were the same for each trial; the poole 
trials X Ss interaction variance of the T€ 
spective groups served as the error term. t 

The trend comparisons for the ee 
groups are shown graphically in Figure 2 
The means of the different pairs of groups hav 
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INTERFERENCE AND RESPONSE STRENGTH 


been equated for initial rate. A difference in 
Dos poscat beyond the .001 level (F — 
a E — 9 and 162) was obtained for the 
COEM between the HI and HN groups 
E " None of the other trend comparisons 
5. o be statistically significant. 
Slice DU erant lurning during interference. 
oa and LN Ss were instructed to stop 
iu E crank during the 30-sec. delay 
Eus. ata involving rate during inter- 
the hi ends available. only for Ss assigned to 
RO na mork conditions. Statistical analysis 
obtained the mean rate for 30-sec. periods 
pm on each trial following the fourth and 
analysis ae panel positions separately. An 
B aes differences in trend was applied to 
Separate m X trials rates for the 
ourth and and HN groups. Since both the 
htinistered eleventh light positions were ad- 
" Es. to the same Ss, a three-dimensional 
the diffe Was made testing the hypothesis that 
eae rences between the delay-position true 
trials, Des the same. for all interference 
trend aie analysis yielded no significant 
eleventh ix ges between the fourth and 
oups d rates for either the HI or HN 
tion e n the other hand, when delay-posi- 
differe as disregarded, the analysis of trend 
icd M between HI and HN groups during 
tion V ence yielded a group X trials interac- 
(28 ae significant beyond the .001 level 
tate fo 31, df = 7 and 126). The trial-by-trial 
low, T these groups during interference fol- 
Figur a pattern similar to that shown in 
trials 24 for the over-all rate change with 


tro ditional observations. Both interference 
thane Showed similar verbal and behavioral 
ON an S during interference trials, such as 
Ine, aoe shouting, or hitting apparatus, an 
Tes E intensity (loudness) of verbal 
Completa? and so forth. Such behavior was 
Bou ely absent in both noninterference 


Th DISCUSSION 
Pto bissl. these results substantiate the 
ander d that an interference situation 
ta e Gea defining higher work has 
2 hat e effect on rate of crank turning 
ne s effect is some positive function 
Umber of successive presentations. 
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Different interpretations are possible, namely 
that the energizing effect was the result of the 
lower frequency of marble reinforcement or 
the smaller marble-board size associated with 
the interference condition (see Procedure). 
However, in view of other experimental ma- 
terial involving the effects of periodic reinforce- 
ment (e.g., Skinner’s [8] observations of the 
negative relation between time between re- 
inforcements and rate of bar pressing), it 
seems reasonable to regard the possible effects 
of the differences in frequency of marble re- 
inforcement as favoring HN rather than HI 
Ss. The fact that no differences appeared be- 

tween HI and HN Ss during the first five 

trials (Fig. 24), when both groups com- 

pleted their respective marble boards, suggests 

the unimportance of the smaller marble board 

used by HI Ss. 

Significant trend differences were obtained 
only for the higher-work comparisons. The 
importance of the work variable here is in- 
conclusive due to the indirect method by 
which work differences were defined. The 
variable of higher work was confounded with 
the variable of turning or not turning the 
crank during the interference delay periods. 
Turning or not turning may have introduced 
effects in addition to those of rest or fatigue. 
Qualitative observations of the behavior of LI 
Ss were indicative of disturbed or “aggres- 
sive” behavior similar to that exhibited by 
HI Ss and suggest that the lack of lower-work 
differences in rate may be an artifact of the 
defining operation for lower work. Within the 
present design it is impossible to estimate the 
contribution of such effects, and conclusions 
concerning the importance of the work vari- 
able must await the use of other methods of 
varying work level. 

The panel position or nearness to marble 
subgoal at which interference was introduced 
had no significant differential effect on rate. 
This is not surprising since the energizing 
effects of interference were cumulative rather 
than localized within the panel sequence. The 
comparison of the higher-work interference 
and noninterference groups during successive 
delay periods indicated the same effects on 
rate obtained during the nondelayed parts of 


the panel sequence. 
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SUMMARY 


The present article has reported the effects 
of an interference situation on ongoing re- 
sponse strength, measured by rate of crank 
turning, under two levels of work and at two 
distances from marble subgoal. 

Forty preschool children, 45 to 70 months 
old, were used as Ss. Each S learned to turn 
a crank continuously while a light moved 
downward through 12 panel positions. On 
reaching the final panel position, a marble was 
dispensed into a cup. The marbles were used 
to fill holes in a wooden block which, when 
completed, entitled S to a reward. There were 
two sessions, given on separate days. Session I 
provided data concerning changes in rate as a 
function of trials (marbles) under noninter- 
ference conditions. Session II included two 
interference (30-sec. delays) and two work 
conditions and a within-groups comparison 
involving interference at two separate panel 
positions. All Ss received marbles and, ulti- 
mately, take-home rewards. Eight interference 
and two noninterference trials were presented 
during Session IT. 

The major results of the investigation were 
as follows: 

1. Session I mean rate increased signifi- 
cantly with successive trials. 

2. There was a significant relationship 
between initial rate and later change in rate 
with trials on Session I: the higher the initial 
rate, the less the later change in rate. 

3. For Ss under the higher-work condition, 
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mean rate of interference Ss increased with 
trials throughout Session II; mean rate de- 
clined for noninterference Ss during the last 
half of Session II. 

4. The panel position at which interference 
was introduced had no significant differential 
effect on rate. 

5. Both interference groups -(highe 
lower work) exhibited “aggressive” an 
turbed behavior, during Session IT, 
seemed to increase in intensity with succe 
trials. No such behavior was exhibited by 


r and 
d dis- 
which 
ssive 


noninterference Ss. 
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ee demonstrated .in previously 
DIS Stren Semon, 3) that behavior can 
mA E maintained, and controlled 
avay precise . fashion simply by 
Ene del! the time interval by which a 
While al t ays the occurrence of a brief shock. 
ome ean emitted by the organism 
ulus dem may be paired with the noxious 
that its ye e avoidance response is unique 1n 
(1). This Currence always puts off the shock 
E ponds a greater average interval 
than is eh e avoidance response and shock 
onse, oe case for any other recurrent re- 
response a consequence, the avoidance 
fon m to dominate all other forms of 
ence, The respect to frequency of occur- 
© permit present experiment was designed 
the direct measurement of changes m 


Tate of 
: Occurre i 
avior. nce of a sample of this other 


Abba METHOD 
Fr . 
alus, Subjects, and General Procedure 


e 
iss T mae shock and control apparatus have been 
pred Fe E ). The Ss were six male rats, laboratory- 
3 110 x ants of the Wistar strain, ranging in age 
i Kite o 125 days at the start of experimentation. 
la ae sessions, each 2 hr. long, occurred five 
| Ney da week, the animals running at the same time 
i ats 7? two animals at a time. Between sessions, 
M uri ere housed in individual cages, with water 
| pila B A Laboratory Chow pellets continuously 
"inen tal b. E or water was ever present in the ex- 
Tugi,, TS were available to the animals each pro- 
T eee an H slot in adjacent walls of ee 
DI which = Each bar was hooked up to a timing 
fi, ion of v consaliea the time of onset of shock. 
wA at 02 e shock, controlled by another timer, was 
P things: sec. Depression of either bar accomplished 
e : it disconnected the timer controlled by the 


titer bar f 


dle 2 proceed curred, 
is is] "n 
ar Cord *dure is illustrated in Figure 1. In this sam- 
| Presses, E first three shocks occurred without any 
Were under control of timer 3, set at 


DE 
LAYED-PUNISHMENT EFFECTS MEDIATED BY COMPETING BEHAVIOR 
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10 sec. Four seconds after the third shock, a response 
was made on bar C. This put timer 1 into operation, 
the next shock coming 20 sec. after the response. The 
duration of the bar press had no effect upon the delay 
interval, which was controlled only by the initial down- 
ward press on the bar. Six seconds after the fourth 
shock a response was made on bar V. This put timer 2 
into operation, and the next shock came 40 sec. after 
that response. The remaining section of the record can 
be read the same way, with each occurrence of a given 
response putting its own timer into operation and shut- 
ting off the other timers. 


Experimental Design 


Response rates were obtained for each animal at 
various combinations of delay intervals on the two bars. 
Each animal was run on à given combination of inter- 
vals until a steady total rate was maintained, i.e., until 
the rate of responding on both bars combined changed 
by no more than 0.1 responses per minute in any two 
out of three consecutive sessions. Only the second hour 
of each 2-hr. experimental period was used in computing 
these rates, for reasons already presented (3). When the 
total rate met this criterion of steadiness, the delay 
interval on bar V was changed. This procedure was re- 
peated for a range of intervals, keeping the delay on 
bar C constant at all times. 

Response rates presented below are those prevailing 
during each criterion period. For animals 8 and 11, the 
interval on bar C was 15 sec., and for animals 6, 7, 12, 
and 92, it was 20 sec., as indicated by the arrows in 
Figure 2. The interval between shocks, if no response 


occurred, was 10 sec. for animals 6, 8, and 12, and 5 sec. 
for animals 7, 11, and 92. "These differences could not 
be correlated with any systematic variations in the 
data. 

Curves relating 
the rate of respon 


the delay interval on the V bar to 
ding on each of the individual bars 


100 
SECONDS 


aisis oe 
RESPONSES - BAR-C 


RESPONSES-- BAR V 


Fic. 1. The experimental procedure (see text for de- 


tailed explanation) 
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were secured from each animal. The points on each of 
the curves were ordered in a different sequence, with 
the exception that the first point obtained in each case 
was the one at which the delay interval on the two bars 
was equal. 


RESULTS 


Log response rates as a function of the log 
delay interval on the V bar are presented for 
each animal in Figure 2. As the delay interval 
decreases, the total response rate on both 
bars increases in a roughly linear fashion up 
to a maximum, on the other side of which 
there is a slight decline. The curves for the 
individual bars are considerably more irregular 
than the total curves, but this is to be expected 
since the criterion for recording a datum point 
was in terms of the steadiness of the total, 
rather than the individual, rates. The major 
features of the V- and C-bar curves, however, 
are consistent from animal to animal. 

The V rate, like the total, decreases from a 
maximum as the delay of the punishment in- 
creases. At the left of the maximum, however, 
the rate decreases sharply. The rate on the 
C bar shows a steady decrease with the in- 
creasing delay interval on the V bar. These 
functions characteristically intersect at an 
jnterval close to that which was maintained 


BOTH BARS 


BOTH BARS 


—_—* 
Ln 


LOG (RSP/MIN 


18 20 22 U 


13 15 R 
LOG DELAY INTERVAL (SEC) ON V-BAR " 
Fic. 2. Total rate of bar pressing and the rate on each individual bar plotted as a function of the ? 
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on the C bar. On either side of the point of 
intersection the curves diverge rapidly, the 
higher rate prevailing on the bar which delays | 
the shock for a longer period of time. 
When the delays on the two bars approach 
equality, the effect of uncontrolled variables 
acting to determine a "preference" becomes 
apparent. This is indicated by the fact that 
the intersection of the curves is displaced from 
the point at which the two bars produce 
equally delayed shocks (indicated by th? 
arrows in Fig. 2). 
DISCUSSION 
Examination of Figure 1 shows that thé 
delay interval on the C bar, though maintaine' 
at a constant timer setting, is not independe? 
of the interval on the V bar. A V-bar repo 
occurring shortly after one on the c all 
effectively increases the average delay inter E, 
on the latter bar, although the minim" el 
delay is still 20 sec. For this reason; a 
decline in rate of responding on the bat 
with increasing delay intervals on the M sly 
is not unexpected. Results obtained previo ed 
in a single-bar situation have demonstre iy 
this inverse relation between rate and de 


interval (3). 


19 '23 :£3$ ^ b 
rl 


interval on the V bar. Arrows indicate the points at which both bars produced equal delays. 


DELAYED-PUNISHMENT EFFECTS 


Eus decrease in rate with longer shock- 
eeu can be attributed to a lowered 
vio aud nis any given nonavoidance 
Xin d will be paired more closely in time 
pons € shock than will the bar-pressing 
Eure Thus; the number of different be- 
a M ich can successfully compete with 
rate goc 3i IS increased, and the avoidance 
tate on a own. The more rapid decrease in 
relative ae C bar is a reflection of the C bar’s 
i be isadvantage in meeting this competi- 

| 2 t cause of its lower minimal delay. 
apum of the V-bar curves with 
s ained ina previous experiment (3) 
Siderin emphasizes the necessity for con- 
of the eg. behavior in any evaluation 
l a a s of delayed punishment of a given 
similar ex onditions in both experiments were 
© earlie cept that only one bar was used in 
ith tho r one. The relevant comparisons are 
vos Tee obtained with 5- or 10-sec. 
UAR ock intervals (interval between shocks 
Values E es occurs), since those are the 
Maximu sed here. In the former case, the 
| tely d in the curves occurred at approxi- 
Ock-sh or 10 sec., depending upon the 
th a ock interval used. In this experiment, 
M cum in the V-bar curves occurs at 
the q imately 15 or 20 sec., depending upon 

ded interval on the C bar. 
will tively long delayed punishment, then, 
Ne ceni the probability of a response if 
lo E er behavior, punished after a slightly 
"spo elay, is available. If no such alternative 
tained t is available, behavior will be main- 
Punish: pn in the face of relatively quick 
dete Shock delay produced by the V bar 
eso, €s less than that produced by the C-bar 
l mon the avoidance „rate comes to be 
Com ined almost exclusively on the C bar. 
Ca paced with the gradual decline of the 
the ae at the right of the intersection of 
at the | Curves, the V bar declines very rapidly 
m ns of this point. This indicates that a 
Tes 2 netics between two responses, with 
Men ; M the time by which they delay punish- 
w ive as a much greater effect in altering 
Mg de response probabilities at short than at 
ay intervals. 


those 
turthe 


SUMMARY 


whi 
CA rats Jearned avoidance responses 
e following procedure. Brief electric 


EE 
Wide 
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shocks of fixed duration were delivered every 
few seconds unless the animal pressed either of 
two available bars. Depression of either bar 
delayed the shock for a specified interval. This 
interval remained constant on one bar (C bar) 
throughout the experiment but was varied 
through a range of values for the other bar 
(V bar). Curves were secured from each animal 
relating the delay interval on the V bar to the 
total rate of responding, and to the rate on 
each of the individual bars. The following ob- 
servations were noted: 

1. Ona log-log plot, both the total rate and 
the rate on the V bar decrease linearly from a 
maximum as the delay of punishment in- 
creases. 

2. At short delays, the rate on the V bar 
decreases rapidly almost to zero, while the 
total rate is maintained solely by the C bar. 

3. The rate on the C bar shows a steady 
decrease with the increasing delay interval on 
the V bar. 

4. The curves for the two responses inter- 
sect at a point somewhat displaced from the 
interval at which they produced equally de- 
layed shocks. On either side of this point the 
curves diverge rapidly, the higher rate pre- 
vailing on the bar which delays the shock for 
a longer time. 

In addition to confirming results previously 
obtained in a slightly different situation, the 
data warrant the following inferences: 

1. The effectiveness of delayed punishment 
in depressing behavior depends upon the avail- 
ability of other responses which produce a less 
immediate punishment. 

2. Small differences between responses, with 
respect to the delay of punishment, have a 
much greater effect in altering relative re- 
sponse probabilities at short than at long 


delay intervals. 
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THE DIURNAL ACTIVITY PATTERNS OF CAGED MIGRATORY WHITE-CROWNED 
SPARROWS IN LATE WINTER AND SPRING! 
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For more than a century it has been known 
that caged migratory birds, particularly 
nocturnal migrants, frequently develop a 
marked restlessness during the migratory 
season. According to von Homeyer (23) a 
description of this phenomenon in the night- 
ingale (Luscinia megarhyncha) was recorded 
as early as 1822 by Naumann. In Finland and 
Germany, where this nocturnal unrest has 
been investigated quite extensively, it has 
been known usually as Zugunruhe. Empirical 
descriptions of Zugunruhe have been published 
for several species by Wagner (24), Palmgren 
(15), Promptov (17), and others. The literature 
on "natural" and experimentally induced 
Zugunruhe has been reviewed by Palmgren 
(15, 16), van Oordt (22), Farner (7), and 
Steinbacher (20). 

Most of the attention in research has been 
directed toward the Zugunruhe of thrushes 
(Turdidae) and old-world warblers (Sylviidae). 
In spring it has been observed generally that 
the period of Zugunruhe begins about the 
same time as spring migration and tends to 
last considerably longer than the natural 
migratory period, frequently until the begin- 
ning of postnuptial molt. The Zugunruhe of 
these species is manifested most characteristi- 
cally by a period of pronounced activity be- 
tween evening and midnight; however, some 
individuals may show a period of relatively 
intense activity shortly before dawn, whereas 
others may be almost continually active 
throughout the night. In general these species 
show little nocturnal activity during non- 
migratory periods. To the best of our knowl- 
edge, no pattern resembling that of the 
Zugunruhe of nocturnal migrants has been 
reported for nonmigratory species. 

Although the available information on 
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Zugunruhe is highly interesting and sug- | 


gestively analogous to actual migratory be 
havior, it is for the most part based on zen 
tively small samples of behavior of sma 
numbers of Ss under unnatural conditions 
However, we agree with Palmgren (16) P 
the opinion that the investigation of Zug- 
ruhe, if applied very cautiously in compariso? 
with diurnal activity patterns for nonmigratory 
periods, may be useful in studying certall 
aspects of the psychology and physiology ° 
migration. 

Little attention has been giver 
activity patterns of caged fringillid fi 
during the migratory season.* These SP 
are of considerable interest since many he 
them migrate, at least in part, during 
day. Palmgren (14) in a very limited num is 
of observations on the greenfinch ques 
chloris) and the chafünch (Fringilla coelé i 
found no evidence of well-developed nocturn 
activity. Also, Bergman (3) indicates 1 
evidence of typical nocturnal Zugunrulit d 
his limited observations on the activity ® em 
depth of sleep of several fringillid spe e 
Promptov (17), however, has reported i 
development of a definite nocturnal a " 
ruhe in young scarlet grosbeaks (Carpod" 
erythrinus) in fall. Eyster (6) has found per od 
vernal nocturnal unrest develops in C4 4 
slate-colored juncos (Junco hyemalis) ? ak 
white-throated sparrows (Zonotrichia albi a? 
lis); both are migratory species. In the wu 
tory white-crowned sparrow (Zonolrié c 
leucophrys leucophrys) Eyster observed ap" 
turnal activity throughout the year 1n i in 
tivity; however, maxima were observe“ 49 
spring and fall. It is of further interes pe 
note that the nonmigratory ploceid finch, wed 
English sparrow (Passer domesticus), § 
no nocturnal activity whatsoever. 1 gio" 

As one aspect of our investigation of phy’ P 


en to the 
nches 


B L4 M” 
3 The recent paper by Eyster (Ecological asc 
graphs, 1954, 24, 1-28) appeared after this ma 
went to press. 
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im cycles of a migratory race of a fringillid 
ae white-crowned sparrow (Zonotrichia 
cas hrys gambelii), we have made extensive 
a xy of the diurnal activity patterns 
B pnis during late winter and 
Ek. de the purpose of this paper to 
D dc ese activity patterns with respect 
5 pop development of the vernal 
ME the and to present correlations of the 
hys eon of Zugunruhe with certain 
lologic and environmental changes. 


METHOD 


Sambelii) erowid sparrows (Zonotrichia leucophrys 
Japanese mist in these experiments were captured with 
in the canyon s from the population which winters 
ington, A se of the Snake River of southeastern Wash- 
each “parete series of recently captured birds was 
mitted to eo The randomly selected birds were per- 
fore the Decome conditioned to the cages and diet 
&Xperime ‘i Noe aida were begun. On autopsy, all 
19 ay al birds were found to be males. Both in 
arch ot in the experiments were begun in early 
Marizes th continued until May 24. Table 1 sum- 
ltd qa. e number of birds used and the number of 
e Hg (24-hr. days) recorded. 
the ee were maintained in an outdoor aviary on 
they Slag of the State College of Washington, where 
lights, rh relatively free from extraneous noises and 
Patterns ha, system employed for recording activity 
Cation (8). been described in detail in an earlier pub- 
na Cone Briefly, an electric signal marker registered 
“entra Araona moving paper tape each time the 
Pressa; 3 SERRA spring-suspended perch assembly was 
ge (9 5 y the weight of the single bird in an activity 
Well as ‘i 14 by 11 in.). The caged control birds, as 
in € activity cages containing the birds for re- 
Covere were kept in large (8 by 12 by 6 ft.) cages 
Proyi, with hardware cloth. These large cages were 
fee d With partial overhead and lateral shelter to 
rece ere to precipitation and wind. 
"ico, pushout the period of captivity, including the 
Rr H Rd periods, the birds were provided with water, 
ij, ai food ad libitum. The food consisted of red 
Johnso eed, supplemented in 1952 with Pablum (Mead, 
fresh m and Co., Evansville, Indiana) and chopped 
ble aes in 1953, the red millet seed was sup- 
by ma with a vitamin- and mineral-enriched poul- 
SH , St Prepared by the Department of Poultry Sci- 
ay Obss e College of Washington. 
e the ae o on plumage were recorded each week 
X a of weighing. Wild birds and caged controls 
letlodic n e population were collected and autopsied 
bc, evel y to obtain data on lipid deposition, testicu- 
tio, eens and molt. At the conclusion of the 
àd Tien Activity-recording, the birds whose activity 
to Similar 0 ip were autopsied; they were found to 
le depri e wild and caged controls with respect 
Position Gree of testicular development and lipid 


The w 


tay 
topsy the gonads were placed in alcohol-formal- 
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dehyde-acetic acid fixing mixture for several days to 
allow thorough impregnation; then, the two testes from 
each male were weighed rapidly on a Roller-Smith 
Precision Balance. Carcasses were frozen for subse- 
quent extraction of lipids. The data obtained from 
these ether extractions are expressed as a lipid index, 
i.e., the number of grams of ether-extractable lipid ob- 
tained from the carcass per 100 gm. body weight im- 
mediately after death. The observations on plumage 
included arbitrary designations of the intensity of molt 
as follows: no molt = 0, light molt = 1, medium 
molt — 2, and heavy molt — 3. Although somewhat 
subjective, these designations were found to be useful 
when used constantly by one investigator with a fixed 
set of criteria. The molt of the caged birds was similar 
in pattern and sequence to the natural prenuptial molt 
of wild birds during the same period. 

Weekly mean temperatures were obtained from the 
records of the meteorological station at the State Col- 
lege of Washington. The natural photoperiod, as used 
here, is the time between sunrise and sunset plus civil 
twilight in both morning and evening. 


RESULTS 


The temporal distribution of activity among 
the individual birds was found to be remark- 
ably similar; however, there were some sub- 
stantial variations in the quantity of recorded 
activity. In part this was doubtless the result 
of individual differences in the daily quantity 
of activity. However, we are also convinced 
that the habits of the individual birds with 
respect to striking the perch and, indeed, the 
differences in sensitivities of the different 
perch-microswitch assemblies were also im- 
portant contributing factors. Therefore, in 
calculating the composite activity patterns 
(Fig. 1 and 2) for the four to six birds recorded 


TABLE 1 
Schedule of Recording 
1952 1953 
FERIOD NUMBER paxs NUMBER ons 
BIRDS |corpep| PIPS | corpED 
Mar. 8-14 4 26 5 35 
Mar. 15-21 . 5 35 
Mar. 22-28 4 27 5 35 
Mar. 29-Apr. 4 5 35 
Apr. 5-11 4 27 6 42 
Apr. 12-18 6 42 
Apr. 19-25 4 28 6 42 
Apr. 26-May 2 6 42 
May 3-9 4 28 6 42 
May 10-16 6 42 
May 17-23 4 28 6 42 
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22-59 MARCH 1952 


IT APRIL 195% 


19-25 APRIL 1952 


Fic, 1. Composite diurnal activity patterns of caged 
male Zonotrichia leucophrys gambelii for late winter and 
spring of 1952. Black bars designate the period of dark- 
ness; diagonally hatched bars, civil twilight; and open 
bars, the period between sunrise and sunset. 


simultaneously, the raw daily data, in move- 
ments of the perch per half-hour period per 
bird, were transformed to percentage of total 
movements of the perch for the 24-hr. period. 
These transformed data were then used in all 
calculations to obtain a composite (four to 
six birds) daily activity pattern (transformed 
data) characteristic for the particular week. 
This pattern was then reconverted to an 
absolute basis by multiplication of the trans- 
formed datum for each half-hour period by 
the composite (four to six birds) mean total 
movements per bird per 24 hr. The data 
presented in Figures 1 and 2 represent adjusted 
mean activity patterns for four to six birds 
for a week. It must be emphasized that these 
patterns, although expressed in absolute units 
(movements of the perch per half-hour period 
per bird), must be regarded as indices because 
of the method of calculation and because the 
movements of the perches represent only a 
relatively constant (for a given bird in a given 
recording cage) fraction of the total movements 


'5 APRIL 1953 


L1 
- i| 
-TAPRIL 195: 


d 
Fic. 2. Composite diurnal activity patterns of x 4 
male Zonotrichia leucophrys gambelii for late wo Wes 
spring of 1953. Black bars designate the period o en 
ness; diagonally hatched bars, civil twilight; an 9 
bars, the period between sunrise and sunset. 


of the bird. Table 1 gives the number of birt 
and the number of bird days used to de” 
each of the curves in Figures 1 and 2- ~ ¢ 
points on these represent the mean num er 


movements on the perch per bird for the Pd | 
ticular half-hour period. These points © 
located at the centers of the spaces x e 
senting the half-hour periods except at "jf 
beginning and end of prolonged perio e 
activity. The mean time at which activ o 
began or ceased determines the interceP” yg 
the curve with the base line. It should.. g 


noted that, in relation to twilight, ther? i w 
tendency to begin activity early in the "rhis 
ing and to end it early in the evening: ? 
may have been the result of the better (0 
posure of the cages to morning light tha ila! 
evening light. On the other hand, 4 S44) 
relationship was noted by Palmgre? m 
with greenfinches (Chloris chloris) and ^ u$ 
blings (Fringilla montifringilla). It 15 x uri 
that, in both years, a typical Zuen gel? 
pattern had developed by May 1. Ou 
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MEAN ENVIRON: 
ENVIRONMENTAL INDEX OF ACTIVITY — HOURS OF ACTIVITY PER GAY. 


TEMPERATURE "C 


s ^ 
Se, 
r 
3 7p 
qa 2” ey 
B— "eem 
E 1952— Tes 
is = 
H p EET 
2 » TONG 
H 20) S | 
Fic, Em 
tivi 3. Hours of activity per day, index of daily ac- 
t ; 


molt.” mean environmental temperature, intensity of 


| Lamb, eat body weights of male Zonotrichia leucophrys 
n recording cages in late winter and spring. 


0 " 
a rvations indicate that migratory activity 
S ne white-crowned sparrows in the 
ai a pe Canyon began about the end of 
Of ur week of April in 1952 and 1953. 
cti interest, also, is the number of hours of 
Vity per day in relation to the natural 
pe toperiod. These data are presented in 
ee 3. They were obtained by calculating 
| cee hours of activity per day for the 
x in the recording cages. Since, with a few 
us] T exceptions, these birds were continu- 
y di Active during daylight hours, the mean 
E Ta of night activity is represented by 
| Mig ment of the curves above the 
the & line, which represents the duration of 
nen daily photoperiod. The index of 
activin (Fig. 3) represents the daily rate of 
th y, i.e., the mean number of movements 
0 Sil perch per bird per 24 hr. The intensity 
based t, as represented in Figure 3, is simply 
Molt Ma the means of the arbitrary stages of 
| teans € body weights (Fig. 3) represent the 
E es me weights taken at the beginning 
] For of each one-week period. d 
purposes of further comparisons, a Series 


Au ceo D 


LIPID INDEX 


TESTICULAR WEIGHT IN MIL 


Fic. 4. Lipid indices and testicular weights of Zono- 
trichia leucophrys gambelii. A sample composed of birds 
collected in the wild, birds kept in large outdoor cages, 
and birds used in the recording cages in late winter 
and spring of 1952 and 1953. 


of data on lipid indices and testicular weights 
is presented in Figure 4. Included are data 
from birds collected in the wild, birds kept in 
large aviary cages, and birds used in the 
recording cages. No significant differences 
among these groups could be noted. 


DISCUSSION 


Although the primary function of this paper 
is to present a description of the vernal diurnal 
activity patterns in caged Zonotrichia leuco- 
phrys gambelii with particular attention to 
the development of Zugunruhe, certain addi- 
tional observations and correlations appear 
worthy of comment. Caution must be applied 
in the assumption of causal relationships from 
these correlations, and, for the time being at 
least, in developing hypotheses concerning the 
development of migratory behavior on the 
basis of observations on Zugunruhe. Zugunruhe 
is probably best regarded as an expression, 
under very abnormal conditions, of a profound 
change in activity pattern which, in itself, is 
one facet of the complex of altered physi- 
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ologic and psychologic processes of the migra- 
tory bird. 

It appears patent from the changes in 
amount of nocturnal activity (as represented 
by the amount of displacement above the 
dotted line of the curves showing hours of 
activity per day in Fig. 3) that the develop- 
ment of Zugunruhe in spring is a gradual 
process which apparently has its inception 
very soon after the intensity of molt begins 
to decline. In this connection it should be 
noted that it is widely recognized (11, 21, 22) 
that migration and molt are mutually ex- 
clusive in most passerine species. Examination 
of Figures 3 and 4 reveals that the develop- 
ment of Zugunruhe is obviously associated 
with a gradually improving metabolic state 
and doubtless, therefore, with increased 
quantities of “productive energy” as conceived 
by Kendeigh (11). Among the factors which 
contribute to this improved metabolic state 
are the increasing environmental temperature, 
which results in decreased caloric requirements 
for thermoregulation, increased daily photo- 
period, which at least theoretically allows 
more time for caloric intake, and the gradual 
decrease of molting activity. The extent of 
the caloric demands of molting in a small 
finch is evident from the investigations of 
Koch and de Bont (12), who found that the 
daily rate of metabolism increased as much 
as 33 per cent in a molting chaffinch (Fringilla 
coelebs). That there was, in fact, an improved 
metabolic state in our white-crowned sparrows 
is evident from the increase in body weights. 
We have unpublished data which allow us to 
conclude that these increases in weight (bot- 
tom of Fig. 3) are, to a substantial extent, the 
result of lipid deposition. This is supported 
by the data (Fig. 4) on actual lipid deposition 
as determined by extraction of carcasses of 
caged and wild birds taken during the period 
of the investigations. An increased deposition 
of fat, as an indicator of an improved metabolic 
state, is now generally associated with the 
initiation of Zugunrulie and natural migration 
(7, 13, 19, 25). 

It seems apparent that in previous experi- 
ments (9) we have encountered an example of 
àn Increase in "productive energy" incident to 
improved environmental temperature. It was 
found „that caged Zonotrichia leucophrys 
gambelii exposed to elevated environmental 
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temperature (20? C.) in midwinter showed a 
pronounced increase in nocturnal activity. 
We have unpublished data which show that 
there was a concurrent increase in lipid deposi- 
tion, indicating an improved metabolic state. 

Doubtless the most important effect of the 
increasing daily photoperiod in spring is the 
activation of the anterior pituitary. The most 
spectacular and best known function of this 
activation is the marked increase in gonado- 
tropic activity. Much of the available 1n 


formation on photoperiodic gonadal activation 


has been reviewed by Burger (5) and Benoit 


(1). The basic physiologic mechanisms are - 


still not well understood, although progress 
has been made recently by studying the nature 
of the annual refractory period of the mecha- 
nism (2) and by investigations using intermit- 
tent light (10). That there was activation E: 
the anterior pituitary in our birds concurren 
with the development of Zugunruhe is eviden 


n 
from the concurrent gonadal development ™! 


caged and wild controls (Fig. 4). "en 
It is tempting to assume a causal relatio 
between the recrudescence of the testes (PE 
4) and the development of Zugunruhe (Fig 1 
Indeed, this is the basis of several hypothese” 
of the mechanism of the stimulation of mig/? 
tion. For example, Rowan (18) and Bullous 
(4) have both described migration as a phas“ 
of sex behavior. The objections to the assig? 
ment of a primary regulatory role to the gon? 
in this regulation have been discusse EL 
length by Farner (7). Although neither P^. 
mary nor secondary gonadal regulation ie 
or should be denied at this time, it is 9 
opinion that the close correlation betwe", 
gonadal recrudescence and the develop™ e 
of Zugunruhe or natural migration pa 
probably indicates that both are the efie 
of more fundamental changes involving "m. 
anterior pituitary, at least in part. In C ion 
words, it appears desirable to seek explanatio, e 
in terms of the nongonadotropic effects 0’, j- 
photoperiodically activated anterior P'e 


tary.! Much interesting research remains " 
«c effe 

4 The possible roles of the nongonadotrop!© eel 
of the photoperiodically activated anterior P" 
and of nonpituitary effects of increased daily b d 
period in the regulation of migration are COPA CET 
more extensively in “The Annual Stimulus aes / 
tion: Its Physiologic Basis" by D. S. Farner, ? plis? 
in Recent Research in Avian Biology, to be b. 
by the American Ornithologists’ Union in 1955 
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Bone h order to understand these relation- 
: ps. A study of the diurnal activity patterns 
of castrated migratory birds would be ex- 
tremely interesting. i 


SUMMARY 


cmm male white-crowned sparrows of 
E ar race Zonotrichia leucophrys 
era] isplay a pronounced increase in 
ede activity (Zugunruhe) in spring. 
ee urs at the time of the normal migration 
1S race. The development of this activity 


Pattern is gradual, having its inception at the 


tim i i 
| me when the spring molt is becoming less 


Roe sud reaching its maximum develop- 
iuh about the first week in May; it occurs 
Eolis = p of gradually improving meta- 
rane €, as indicated by increased fat 
odicall on, and in the course of photoperi- 
a sed induced increasing pituitary activity 
lcated by the developing testes. 
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HOARDING BEHAVIOR OF ADRENALECTOMIZED HAMSTERS! 


WENDELL I. SMITH, ALEX J. KRAWCZUN, NANCY J. WISEHAUPT, anp SHERMAN ROSS 
Bucknell University and the University of Maryland 


A survey of the literature on food hoarding 
reveals that there is a possible positive rela- 
tionship between frequency of hoarding and 
level of activity (8). Since the goal of hoarding 
is not the accumulation of a pile of pellets 
(3, 5, 7), and since hoarding does not appear 
to follow a principle of least effort (4), some 
investigators have concluded that bodily 
activity per se is the goal of hoarding (2, 4, 5, 
7). On the other hand, Waddell (10) has re- 
ported a study designed to test the bodily 
activity goal of hoarding. He concludes that 
the activity hypothesis is not supported. This 
experiment is by no means crucial, since the 
apparatus permitted the Ss unlimited bodily 
activity. 

From the many studies of food hoarding 
which have been reported, it may be noted that 
variation in the levels of activity of Ss has 
been accompanied by changing rates of 
hoarding (8). Food deprivation raises the 
activity level and also tends to increase 
hoarding. A sharp decrease in environmental 
temperature has a similar effect. Mild emo- 
tional (anxiety) states increase activity and 
apparently have a similar effect on hoarding. 
Such variables as lighting the hoarding alleys, 
introducing social dominance, and using 
activity-depressing drugs appear to support a 
general positive relationship between amount 
of bodily activity and the frequency of hoard- 
ing food in the laboratory rat. 

Several studies on the relationship of ac- 
tivity level to hoarding suggest themselves. 
Undoubtedly, a comparison of the frequency 
of hoarding with activity-wheel performance 
would indicate a positive relationship be- 
tween these factors. A deliberate lowering of 
the animal’s level of bodily activity should 
be followed by significant decreases in the 
frequency of hoarding. Lapetite and Soulairac 
(1) found that administering the antithyroxine 
drug, methyl thiouracil, to male rats resulted 


1A version of this paj 
à paper was presented at the 1953 
meeting of the American Society of Zoologists. 


in a dramatically lowered food intake and 
frequency of hoarding. 
Morgan and Stellar report: 


...that activity is not entirely controlled by one 
particular hormone is indicated by the reduction in 
activity that follows extirpation of the adrenal glands. 
In fact, the reduction is quite marked, being on the 
average about 90 per cent. . . . Increasing the quantity 
of salt fed to adrenalectomized animals, however, Wi 
produce a partial recovery of activity ... (6, P- 374). 


From the foregoing, it is reasonable to 
expect that extirpation of the adrenals woul 
be followed by a marked decrease in the fre- 
quency of hoarding. Adrenalectomized Ss 
which are supplied with a salt solution woul 
be expected to hoard more than adrenalec 
tomized Ss which are not supplied with & sal 
supplement. The present study was designe 
to investigate these hypotheses. 


METHOD 


A total of 60 golden hamsters (48 males and 12 fe- 
males) from the colony maintained by the Departmen 
of Biology at Bucknell University were used as 
The general history of the colony has been given 1? nd 
earlier report (9). All Ss were experimentally naive v s 
varied in age from 105 to 354 days at the start of 
experiment. 

The experiment was conducted in the labor fore 
room where the animals were housed. Five days be Jy 
the hoarding trials began, Ss were housed individu? 
in cages of wood frame and wire mesh enclosure, iy 
8 by 12 in. Alleys 3 by 3 by 10 in. were permane 
secured to the living cages. Entrance to these à eg. 
was permitted by the raising of a guillotine-type an 
Food pellets and water were supplied ad libitum fr to 
weaning, and a daily ration of lettuce was supplie gn" 
all Ss, Shredded newspaper was supplied in limited q" ed 
tity for nesting. The temperature of the room 14?! 
from 26° to 29°C. jal 59 

Twenty-four hours before the first hoarding tr! ellet 
were placed on a deprivation diet of one food P con 
(approximately 5 gm.) per day. This deprivation. erie 
dition was maintained for all Ss throughout the Xr. 
ment, except for the sixth day, when the adrena $ ^; y, 
extirpated. No trials were conducted on the SI 74-b: 
Thus, all test trials were conducted following 2l ont 
period during which the hamsters received iur * al 
food pellet, approximately 50 per cent of their 
consumption. 
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pem at 7:00, the alleys were filled with pel- 
E md e hamsters were permitted to hoard for 15 
= ae end of this period, all pellets were removed 
d cage and counted. The preoperative tests 
e anete for five consecutive days. 
AM e 54 to be Operated upon were treated as follows: 
eh € evening of the fifth day an area sufficiently 
Bip ios a 2-in. incision along the mid-line of the 
es pe epi'ated. (b) On the evening of the sixth 
eden of E be operated upon was given a 1-cc. in- 
Gian a 1 per cent Seconal preparation intraperi- 
3 A E the adrenalectomy was performed. (c) 
nosed B" rj were assumed to have been completely 
i ndn Succumbed in the expected period of five 
m 24 * e Histological study was made of 12 of 
completi) £e Ss. It was found that the adrenals were 
(Ben moved in all these cases without com- 
ts dr me hoarding tests were conducted on days 7 
eiui he pepe pei niri 
A drenalectomy: supplied with a salt solution following 
experiment a groups were also used throughout the 
rough is Un consisted of 8 Ss which were run 
Dude tei ve preoperative and five postoperative 
Bs s rans without intervening surgical insult. 
heed aub group consisted of 14 Ss which 
cavity ae a to sham adrenalectomies; i.e., the body 
KSA ma ered and the adrenals were touched with 
= 3 m adrenal tissue was removed. 
Rtoup Ty ig four groups of hamsters was used: 
adrenalectomy: Dra p: amis ose 
Supplied m group m (N = 12), adrenalectomy 
Period, eu a salt solution during the postoperative 
Suppl E group IV (N = 26), adrenalectomy not 
mented by salt solution. 


le 


RESULTS AND DISCUSSION 


p basic results of the experiment are 
wn in Table 1. It may be seen that group 
= the salt-supplemented adrenalectomized 
à P, hoarded slightly more during the 
“operative hoarding trials. A chi-square test 
E uependence revealed no statistically 
Bis cant difference among the groups in the 
Perative hoarding tests. 

comparison for each group of the amount 
Detiods frat in the pre- and postoperative 
es te cates no significant differences for 
Broups, Th 1I, the normal and sham control 
rM e salt-supplemented adrenalec- 
Beene s (group IIT) decreased in hoarding 
de a about 30.4 per cent (p < -01); 
ou 1v nonsupplemented adrenalectomized 
approx; decreased in hoarding frequency 
examin ir 33.5 per cent (p « .02). An 

indicated om of the results for group 
quent} that all these Ss hoarded less fre- 
Y following adrenalectomy, while only 


of h 
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TABLE 1 


Means and Standard Deviations of Total Ni 
of Pellets Hoarded by All Groups FI. 


TP N PREOPERATIVE | POSTOPERATIVE 
Mean SD Mean SD 
I. Normalcontrol| 8 | 40.2 | 17.1 | 49.9 | 14.1 
II. Sham control | 14 | 46.6 | 26.4 | 48.2 | 29.3 
III. Adrenalectomy| 12 | 53.0 | 18.8 | 36.9 | 13.5 

(salt supple- 

ment) 

IV. Adrenalectomy| 26 | 37.3 | 28.4 | 24.8 | 22.1 


16 Ss of group IV hoarded less following 
adrenalectomy. 

The results for the adrenalectomized groups 
support the hypothesis that adrenalectomized 
Ss hoard less frequently, and by inference that 
decreasing the activity level of Ss decreases 
hoarding frequency. It will be remembered 
that Morgan and Stellar (6) report a 90 per 
cent decrease in activity for non-salt-sup- 
plemented adrenalectomized Ss. In the present 
study the amount of hoarding decreased about 
34 per cent, although there were no apparent 
differences between the salt-supplemented 
and nonsupplemented groups. , 

As noted above, all Ss in the nonsupple- 
mented adrenalectomized group did not hoard 
less frequently, and all the members of this 
group succumbed within the expected time. 
It appears that a comparison of group means 
may serve to mask the actual relationship 
between frequency of hoarding and level of 
activity. In order to determine that bodily 
activity per se is the goal of hoarding, a study 
in which the level of activity of each S is 
compared with the frequency of hoarding 


should be done. 


SUMMARY 


This experiment was designed to determine 
the relationship between adrenalectomy and 
hoarding as an attempt to relate hoarding 
behavior to activity of the test organism. A 
total of 60 golden hamsters (48 males and 12 
females) served as Ss. 

The Ss were divided into four groups as 
follows: I, normal control (V = 8); II, sham 
control (N 14); III, adrenalectomy with 
salt supplement (V = 12); and IV, adrenalec- 
tomy (V = 26). Hoarding trials were con- 
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ducted for five preoperative and five post- 
operative trials. 

The results permit the following conclu- 
sions: 

1. No significant differences were obtained 
among the various groups in preoperative 
hoarding. 

2. No significant differences occurred be- 
tween the normal control and sham control 
groups in pre- and postoperative hoarding 
performance. 

3. A significant decrease of about 30 per 
cent was found in the postoperative per- 
formance of the salt-supplemented adrenalec- 
tomized group. 

4. A significant decrease of about 34 per 
cent was found in the postoperative perform- 
ance of the adrenalectomized (nonsupple- 
mented) group. 

5. Adrenalectomy clearly depresses hoard- 
ing behavior. It may be inferred that the 
activity level is reduced by adrenalectomy, 
and thus hoarding is affected. The relationship 
between hoarding and activity level still 
remains to be clearly demonstrated. 


SMITH, KRAWCZUN, WISEHAUPT, AND ROSS 
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GENETICS OF HOARDING: I. HOARDING DISTIRENCES BETWEEN 
BONMOTITING MAA GV. RATS! 


JOHN S. STAMM 
California Institute of Technology 


In an investigation of hoarding activity in 
EAS et al. (6) found that after 20 daily 
Wa S only 20 of 36 experimental rats reached 
pe criterion of collecting five pellets during 
aa 0 min: period. These were brown rats, 
Evi e ed from Lashley's original stock of 
canis es and trapped wild gray animals. 
itat x authors (5, 6, 9) have mentioned 
jur in es under the most favorable conditions 
exhibit | us hoarding, some rats will not 
a this activity at all and others will 
Most diny a few pellets during each trial. 
the ex ports of hoarding studies do not specify 

iai Strain of rats employed, although 
Marked cum rats have been generally used. 
pr ds erences in the hoarding perform- 
eek everal strains of rats have been ob- 
albine' regardless of sex differences. With 
oed rats, for example, it was found in a 
fines b investigation (7) that on the four- 
pee poemas trial 39 per cent of the rats 
‘a pall ocal laboratory line collected at least 

xs ets each, whereas 93 per cent of Sprague- 
er ey rats hoarded more than 45 pellets 
E on this trial. In a subsequent investiga- 
i (8) it was observed that on the ninth 
h al 74 per cent of the Sprague-Dawley rats 
s parsed at least 20 pellets each, whereas on 
fr j same trial only 43 per cent of the rats 
" m a Lippman strain collected this number 
h pellets, These observations lead to the 
ot pothesis that the hoarding performance 

tats may be determined, at least partially, 

Y genetic factors. 
of investigations concerning the genetic basis 
Hall WP have recently been reviewed by 
eter Who pointed out that behavior 
Honi such as Spontaneous activity, emo- 
ability ^ aggressiveness, and maze-learning 
pica NS related to the genetic background 
the Mus In most of these experiments 
pure, and coe of rats were not genotically 

* animals were then inbred for 

* This investigation w. 


from the Hixon Fund às supported in part by a grant 
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several generations on the basis of their 
performance in the investigated behavior. It 
has also been observed that strains of rats 
inbred for physical characteristics exhibited 
marked behavioral differences. Keeler and 
King (4), for example, found significant 
relationships between the coat color of rats 
and their temperamental behavior. 

At the present time a number of inbred lines 
of rats with known genetic background can 
be readily obtained. An investigation of the 
hoarding performance of several of these 
strains may lead to a better understanding of 
the genetic basis of hoarding. 


METHOD 


Apparatus and Animals 


Individual closed hoarding alleys were used. The 
home cage of each animal had a sliding door which, 
when opened, gave the rat access to a 40-in. long alley, 
at the end of which was a food bin containing a number 
of Purina Laboratory Chow pellets. The experimental 
room was uniformly lighted, and its temperature 
ranged between 68° F. and 74° F. The alleys were 
covered with aluminum paint in order to provide even 
illumination. 

Three strains of rats derived from the stock of Dr. 
Dunning? were employed. These were highly inbred 
lines of rats with fur colors of black-hooded, brown- 
hooded, and solid brown Irish rats, respectively. The 
characteristics of these strains are shown in Table 1. 

‘At the start of the experiment there were seven fe- 
male and three male rats in each group. During the 
course of the experiment one male and one female 
brown-hooded rat died. The weights of the rats were 
recorded weekly, after the last deprivation trial, and 
at the termination of the experiment. 


Procedure 
valion. Five days before the 


Hoarding during depri I 
start of the experiment the rats were weighed and 
placed in their individual home cages. During this 


eriod they were fed two pellets of the Laboratory 
Diss (approximately 15 gm.) daily. During the ex- 
perimental period hoarding trials were generally con- 


2The author is indebted to Dr. W. F. Dunning, 
University of Miami, Coral Gables, Florida, for pro- 
viding the stocks of rats and to Dr. Ray Owen for breed- 
ing the animals. 
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Charactensties st Statne of Rats Used in Ei eni -: <= 
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DUNNING’S bers 5 i zouo: MEDIAN, gue 
SNAN OP BATS DESIGNATION — | TIONS OF FUR TYPE AND COLOR vor” | wu | E 
a [o AEE Female | Mole 
} r ] — rá—À—— =) = : re 
Black-hooded | August 35322 | 15 | Nonagouti, black-hooded D 265 . 200 E 
Brown-hooded | August990 | 49 Agouti, black-hooded C 267 210 m 
Irish AX C9935 | 45 | Agouti, Trish D 260 | 190 5 
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Fic. 1. Onset of hoarding for three strains of rats 


4 26 28 30 


TABLE 2 


Summary of Hoarding Performance for Three Groups 
of Rats 


HD, DUR- 
ONSET OF HOARDING| HOARDING DURING DEP- | ING SATI- 
(DAY Or EXPERI- RIVATION (MEAN 


ERN MENT) NUMBER OF PELLETS) cred 
WHEN 
Mean| o | Mdn| Mean o  |Mdn PELLEN) 
e va 
Black. | 4.2|2.53| 4.0| 43.74| 17.6 | 47 13 
hooded 
Brown- |12.8]|9.27 | 13.0 | 31.28 | 14.25 | 32 3 
hooded 
Trish 10.7 | 2.86 | 12.0 | 10.68 | 6.1 7 5 


ducted at approximately 24-hr. intervals. Forty min- 
utes before each trial each 5 was given two pellets in 
its cage. The sliding door was then opened for the 20- 
min. hoarding trial. All pellets were taken from the 
cage at the beginning and again at the end of each trial, 
at which time they were counted and returned to the 
bins. The number of pellets in the bin was adjusted to 
the magnitude of hoarding of each rat, but the maxi- 
mum was 70, When a rat had collected 70 pellets, its 
hoarding trial 


period had not yet elapsed, Although consecutive trials 


Hoarding during satiation. At the end of the last dep- 
rivation hoarding trial a pile of about 15 pellets ied 
placed in S’s home cage. Hoarding trials were s 
continued according to the same schedule as bas 
deprivation conditions. No pellets were placed in "i 
cage at the beginning of the hoarding trial, see! 
and after the termination of each trial 15 pellets wi i 
left in the cage. The number of hoarding tials for So 
group of animals was between 5 and 15 except for 
brown-hooded rats which had no hoarding trials un 
satiation conditions. 


RESULTS 


Onset of Hoarding 

The experimental trials, during deprivation 
conditions, when rats in each group bega? 
to hoard are shown in Figure 1. One 0 
the black-hooded rats started hoarding on the 
first day of the experiment, and the last one iP 
this group did so on the ninth trial. The onset 
of hoarding for the Irish rats was consistently 
later than for the black-hooded ones. On? 
Trish rat hoarded on the fourth trial, but the 
next one did not start until trial 9, and ia 
animals in this group did not hoard until t 
fourteenth trial of the experiment. The brown- 
hooded group showed a great deal of vat 
ability in its onset of hoarding. One rat hoarde 
on the first day of the experiment, whereas 
the last rat in this group of eight animals a 
not commence hoarding until trial 28. Ed 
mean and median trials for the onset of hoar 
ing of each group of rats are shown in Tab 
2. The significance of the difference betwe® 
the means for the black-hooded and Te 
rats was determined by computing its / n 4 
which was 5.12 (p < .001). It may there ne 
be concluded that the black-hooded ™ 
are superior in their onset of hoarding M. 
the other two groups, because they Comme 
hoarding earlier and exhibit less group V 
ability than do either the brown-hoode 
the Irish strains. 


d oF 
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Metis ducing Bepsisaign 


te dM sess Rig ue fr 2 9! 
ce e dum 
M k day preceding the onset of he 
(tho pw taken as zero on the abscissa 
erent epe hen cag 
ij ach group of r al were then averaged 
iure Ed ats. The hoarding curves m 
ts hoarded cor early that the black-hooded 
m als in E eaa more than did the 
"lian. Birding a groups. The mean and 
iil the 12-day hoarding period are of Ss 
ig able 2. For A hoarding period are shown 
tats mg scores ae difference between mean 
dig, e iratis x. black-hooded and Irish 
ang tence il ien (p < .001); for the 
wh fats / e scores of brown-hooded 
ia ite aon 3.58 (001 < p € 01); 
is of the bla indi between hoarding 
yes resulted E -hooded and brown-hooded 
MS ean hoarding senos for the 12 bi 
boo marked di ing scores for the 12 trials 
blaci and jou debole between the black- 
ing -hoodeq es groups of rats. One male 
Only Mts mean Aimy ing very little hoard- 
boarde. TA a for the 12 trials was 
n in this whereas the next lowest 
3 duri group had a mean of 16.4 
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Fic. 2. Mean daily hoarding scores for three strains 
of rats during deprivation conditions 
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they rif they CIA have been considerably "s. dis 

The Gould q had been allowed to hoard all black-hooded rats. The most significant er- 

indiy tribution% the regular hoarding trial. ences were between the Irish rats and the two 

sco, idu Es of daily hoarding scores for hooded groups, rather than between the two 

Boup (froma fola each group shows that 20 hooded groups of rats. 

3 sug ere 70 al of 120) in the black-hooded : rat 

and. Pellet Hoarding during Satiation 

Nd gn, Sores in ee Whereas there were only ; ád 

1 ns nce dia the brown-hooded group, The hoarding curves fae MAS 

during tS- Ho, id an Irish rat hoard more than conditions, show? in Figure 3, yu T. " 

ON this teri ing scores of the Irish rats ach in the plack-hooded Hr 5 cO 

the Dat à Ud Show that no hoarding but only for six rown-hoode rats, tr ve 

are wa period om a total of 120) during Ss in the latter grouP ue es ae ar 

a ^ : T ent. 

the t q ain Sellen that the modal hoarding late DES the eS aed and Irish rats 
| nq uh fts Jution zt marked positively d «ished rapidly; Ss in both groups 

the blag © 55 indi oarding Moon En stopped hoarding four days after 

Ack 9E 19 c, ated by it median of had virtually d : 
i The h “hoog, 68 pellet y T S dian for ellets were placed in their home cages. The 
"dic, t, a in “d Ss Was " e hoarding curve for the black-hooded rats, 02 
ag data durin, b m trials the other band, continues at a greatly reduc 
"i dais he* magnitude for several days after the end o 
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deprivation conditions. Several rats in this 
group hoarded for 12 days during satiation 
conditions, and one rat still collected 36 
pellets on the sixteenth trial. 

Since there were relatively few rats in each 
group, the results cannot bring out variations 
in hoarding due to sex differences. Although 
one male black-hooded rat hoarded consider- 
ably less than did the other animals of its 
strain, the seven other male rats hoarded as 
well as did the females of their respective 
strains. 

The weights of most rats reached minima 
at the time of onset of hoarding (an average 
reduction of about 15 per cent of the pre- 
experimental weights) and then increased 
slowly. Nearly all-rats, regardless of strain or 
sex, had regained or surpassed their original 
weights at the end of the deprivation trials. 
Consequently, the reductions in hoarding 
during satiation cannot be ascribed to ex- 
ceptional hunger conditions at the beginning 
of the satiation trials. 


DISCUSSION 


The hoarding superiority of the black- 
hooded rats over the other two strains was 
indicated by their earlier onset of hoarding, 
larger pellet collection during each trial, and 
persistence of hoarding during satiation condi- 
tions. Hoarding may be related to genetically 
determined behavior patterns such as spon- 
taneous activity, as reported by Brody (1). 
In the present investigation incidental observa- 
tions showed the black-hooded rats to be more 
active than the other animals. During satia- 
tion hoarding trials several black-hooded rats 
sometimes explored the alleys and tried to 
escape, although they did not collect pellets. 
The Irish rats, on the other hand, did not leave 
their home cages during this period, except 
when they occasionally retrieved pellets. It 
was also observed, while handling the animals, 
that the Irish rats acted more aggressively 
than did the hooded animals. When, after 
the termination of the experiment, the experi- 
mental rats were mated, it was found that a 
larger portion of the black-hoodéd females 
bore litters than did the Irish females, and 
that the litter size of the former was con- 
sistently larger than that of the latter. 

These observations are not surprising since 


JOHN S. STAMM 


interrelations between several genetically 
based behavior patterns have been previously 
reported. Hall (2), for example, found that 
timid rats were more active, less proficient 
in maze learning, and less aggressive than were 
the more fearless rats. Moreover, Keeler and 
King, who found significant relationships 
between coat color and temperamental traits 
of strains of inbred rats, came to the conclusion 
that the same gene patterns were responsible 
for both. They stated that “the tame albino 
rat... was modified in morphology principally 
by the introduction of three coat genes, and 
in behavior particularly by the (non-agouti) 
black gene" (4, p. 249). ; 
The results of the present investigation 
support the hypothesis that the hoarding 
performance of rats is, at least partially, 
determined by genetic factors. These factors 
may be expressed by phenotypical charac 
tics such as coat color and may also influence 
behavior patterns other than hoarding, SUC 
as spontaneous activity and aggressiveness. 
In order to clarify the genetic basis of hoarding 
behavior, investigations should be conducte 
with the progeny of the animals used in the 
present experiment. These may involve the 
offspring of matings of black-hooded wit 
Irish rats, and the offspring of these heteroZy" 
gous rats backcrossed with the original strains 


teris- 


SUMMARY 


Simultaneous hoarding tests were conducted 


with rats from three known inbred strains: a 
black-hooded nonagouti, a brown-hood® 
agouti, and an agouti Irish line. The followin 
results were obtained. " 

1. The black-hooded rats started hoarding 
significantly sooner than did the other rats: 
The mean trial of onset of hoarding was 4. 
for the black-hooded, 12.8 for the brow?” 
hooded, and 10.7 for the Irish rats. d 

2. The mean number of pellets collecte 
during 12 days of hoarding under deprivatio? 
conditions was 43.7 for the black-hood@ i 
31.3 for the brown-hooded, and 10.7 for th 
Irish. The latter rats hoarded significan ty 
less than did rats of the other two strains; g 

3. When hoarding was reduced by pac 
a pile of pellets in the rats’ cages at all tun " 
the brown-hooded and Irish rats virtu^ 
stopped hoarding after 4 days, whereas 


E 
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black-hooded rats collected an average of at 
least 5 pellets for 12 days. 

It was concluded that the black-hooded rats 
a Superior hoarders to the other animals. 
i Erie basis underlying hoarding may be 
4 ed to other behavioral expressions, such 

Spontaneous activity and emotionality. 
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SEX DRIVE IN GENETICALLY HETEROGENEOUS AND HIGHLY INBRED 
STRAINS OF MALE GUINEA PIGS! 


ELLIOT S. VALENSTEIN, WALTER RISS, aw» WILLIAM C. YOUNG 
Departments of Psychology and Anatomy, University of Kansas 


The value of genetically homogeneous strains 
of animals for studies of behavior has long been 
recognized, but they are not commonly avail- 
able and have not been used in most studies 
(5, 7). It has recently been possible, however, 
to develop a colony containing two highly 
inbred strains of guinea pigs, and a first 
contribution they have made to an investiga- 
tion of hormonal, somatic, and psychological 
determinants of sexual behavior patterns is 
reported. 

In 1906, 24 pairs of guinea pigs were set 
aside for the purpose of studying the effects 
of inbreeding (2). The animals were maintained 
wholly by brother-sister matings, but by 1917 
most of the strains had died out or become so 
depleted that they were eliminated. Only 
families 2 and 13 are in existence today. Tt is 
estimated that during the years of inbreeding 
there have been approximately 80 generations 
of brother-sister matings. If, as Hall (5) and 
Russell (6) state, a high degree of homozy- 
gosity is reached after about 30 generations 
of brother-sister matings, families 2 and 13 
may be considered to be genetically homo- 
geneous. 

Wright (8) and Eaton (2) reported a de- 
crease in fertility. Eaton attributed the de- 
crease to a higher percentage of sterile matings 
in some of the inbred families and to a decrease 
in litter size in others. The frequency of 
matings is also involved in fertility, but the 
importance of this factor was not estimated. 
This is explained partly by an absence of 
uniform criteria at the time of the earlier 
studies of what constitutes a mating, and 
partly by the lack of observations on the 
Sexual behavior of the inbred animals. 

The present study is concerned with the 
level of sex drive and the pattern of behavior 
displayed by the males of families 2 and 13 


Spee investigation was supported by research grant 
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and a heterogenous stock observed as a control 
group.? A sufficient number of males was ob- 
tained from the two inbred families by making 
backcrosses, matings of cousins, and brother- 
sister matings. Crosses other than of brothers 
and sisters reduce homozygosity, but inasmuch 
as the strains were developed from approx! 
mately 80 generations of brother-sister matings, 
the reduction of homozygosity is not thought 
to have been great. 


METHOD 


Sixty-four males were used: 17 were from family E. 
18 from family 13, and 29 from the heterogeneous stoc P 
Until weaning at about 25 days of age, the animals wer 
caged with several other litters and their sows. d 

After weaning, some of the animals were isolate 
until testing was begun, whereas others were place in 
cages containing males of the same age and isolate 
at least one week before tests were started. Equivalen 
proportions of inbred and heterogeneous animals were 
isolated or raised in groups. ined 

The strength of sex drive of the male was determine £ 
by placing a female exhibiting a good lordosis in 1° 
sponse to fingering (9) in a cage with the isolated male- 
His behavior was then observed for a 10-min. perio’ 
However, if an ejaculation occurred before the en 
10 min., the test was terminated because a male seldom 
shows any additional interest in the same female int 
diately after having ejaculated (4). During the te a 
six elements of sexual behavior were recorded: snis 
and nibbling, nuzzling, abortive mounting, mount 
intromission, and ejaculation (10). It is sufficient A 
note that snifing and nibbling refers to what is perhap! 
a general exploratory behavior as the male comes y 
contact with the female. This contact may consist fe 
sniffing, licking, or nibbling the female’s hair with H 
teeth. Nuzzling designates sniffing and licking that H 
confined to the anogenital region of the female. aix 
tive mounting is scored when the male places onè. 
both forepaws on the female, but does not bring the 
body into contact with hers. Mounting is used when EA 
male mounts the female and brings his body into vit 
tact with hers, with or without accompanying Pe ke 
thrusts. Intromission is self-explanatory and BEN a 
place with or without subsequent pelvic thrusts: ugbt 
ejaculation occurs, the activity of the male is bro! 

" jur 
? Members of families 2 and 13 from which ote 
Stocks were developed were obtained through the gnc! 
tesy of Dr. W. E. Heston, of the National 
Institute. 
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toa i ; 
daming in ita EE of the female and a convulsive 
ing ae for a 10-min. test was obtained by weight- 
Miao vr as follows: 0.1 for sniffing and nib- 
mountin, On nuzzling or abortive mounting, 0.3 for 
Ted OX m for intromission, and 0.5 for an ejacula- 
in each Lose c highest measure of behavior displayed 
lasted 10 ES - period was scored. "Therefore, if the test 
elements that i the maximum number of behavioral 
shortened b Could be scored was 40. If the test was 
plied by a cause of ejaculation, the score was multi- 
test period c which compensated for the shorter 
y the c Š is factor was the quotient of 40 divided 
ejaculation. Wi cof 15-sec. periods up to and including 
in the first 1 ie this procedure an animal that mated 
of 20, while -sec. period received the maximum score 
With the dy animal that did not come into contact 
Or 18 of üs during the 10-min. test received 0. 
€ Score was th males (6 from each of the three stocks), 
Score was th e average of 15 tests; for 46 animals the 
€sted on. the average of 10 tests. The animals were 
10). The a e average of every sixth day (range, 3 to 
days ege age at the mid-point of the tests was 
Tales, and a aly 2 males, 227 days for family 13 
et consisted days for the heterogeneous males. The 
hay, E ed of commercial rabbit pellets, oats, alfalfa 
the labor vegetables, and water. The temperature of 
‘atory was uniformly 70° to 75° F. 


RESULTS 


T . 
e ae drive scores for the inbred and 
able 1 thi animals are summarized in 
drive ert is evident that the strength of sex 
OWer b inbred families was significantly 
additio that of the heterogeneous group. 
Uch m n, the inbred animals presented a 
Teflecteq ore homogeneous picture. This is 
“De vari in the lower standard deviations. 
igni Weg of both inbred families were 
eroge y lower than the variance of the 
e neous animals. 
differe d Verage scores of the two inbred families 
howeye only insignificantly. We would note 
Achieved that the same average score could be 
animal in several ways. For example, an 
Playin Soud achieve a certain score by dis- 
and b Pae mounting, few intromissions, 
ount ations, but by exhibiting a large 
(nj ng ani w less mature sexual behavior 
nts), The ADe ig; nuzzling, and abortive 
an anim LEM Score could also be achieved 
Being mal that ejaculated without dis- 
n analysis other behavior. For this reason, 
Whether th was undertaken to determine 
Patterns of est families had characteristic 
n Sexual behavior. 


Order to ' 
Compare patterns of behavior, 


Mo 
a 
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TABLE 1 
Average Sex Drive Scores, Standard Deviations, and 
Relevant Significance Tests for Family 2, Family 
13, and Heterogeneous Male Guinea Pigs 


AVER- INBRED VS, HETERO- 


z 
S 
xox- | ack | RE 
ae EE nex gS GENEOUS GROUP 
TESTS |DRIVE BR a Hi 
SCORE | p Variances | Means* 
Family 2 17| 200 | 4.95 | 1.44 | F= 4.07] £— 5.03 
“ p< 02) 9< .o 
Family 13 18 210 | 4.75 | 1.08] F = 4.52 | t = 5.50 
p< 02) P< 0 
Heteroge- 29 320 | 7.48 | 2.30 
neous group 


pe ee eS ZUEUUCCRREREEN 

* Inasmuch as the variances are significantly different, the 
1 tests were performed in accordance with the approximation 
method suggested by Edwards (3). 


the scored behavior was reduced to frequency 
of occurrence per minute (Table 2). In so 
doing, allowance was made for the fact that 
an animal that mated more frequently would 
have had less time with females because the 
tests were always terminated following a 
mating. In order to calculate frequency rates 
the scored behavior of each type was totaled 
for all the animals of a family. This sum was 
then divided by the total minutes of testing for 
that family. The data summarized in Table 2 
indicate that family 2 males tended to be 
more active. They achieved a rate of 2.63 for 
total scored behavior, whereas the rate for 
family 13 males was 2.40. While this difference 
between the inbred families is not significant, 
the possibility that family 2 males may be the 
more active is indicated. 

With the exception of the component sniffing 
and nibbling, family 2 males showed a higher 
rate of activity for behavior below the cate- 

ory of mounting, while family 13 males 
exhibited a higher rate of activity for mount- 
intromission, and ejaculation. These 
differences are significant at the .03 level or 
abortive mounting, 


better for nuzzling, | nti 
mounting, and ejaculation and show a similar 


trend for intromission (p= 097). A compari- 
son of frequency of ejaculation in rates per 
minute, although presenting significant differ- 
ences, is not as meaningful as a comparison 
of the percentage of the total tests that had 
ejaculations. Ejaculations occurred in 7 per 
cent of the tests with family 2 males and in 
16.5 per cent of the tests with family 13 


males. 


ing, 
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TABLE 2 
Frequency per Minute of Scored Behavior 
>| wozzumc fount, | xOUNTPG |nereowssion| EJACULATION ROTATOR 
Family 2 (N — 17) 0.797 1.089 0.465 0.162 0.107 0.007 2.627 
Family 13 (N — 18) 0.839 0.731 0.287 0.346 0.174 0.019 MES 
Significance of differences | 4 — 0.22 | ¢ = 2.84 | = 2.24] 1— 2.68 | 1 — 1.30 | ¢ = 2.50 | t= 1.0 


P» 5|P« |< .3|p< .0|p» 05,5 «.u|p» -05 


The present investigation provided an 
opportunity to cover an omission in the 
description of the method for measuring 
strength of sex drive given earlier (10). Inas- 
much as only the highest behavior displayed 
in each 15-sec. period was being scored, it 
was obvious that some behavior was without 
effect on the score. To meet this objection, an 
analysis was made of all the behavior exhibited 
by 12 animals (6 each from families 2 and 13) 
during testing in this Study, regardless of 
whether it had been used in calculating the 
Score. The results were not appreciably differ- 
ent from those obtained when only the highest 
behavior in each 15-sec. period was scored. 

In 1932, when Eaton (2) reviewed the data 
collected on the inbred guinea pigs, he re- 
ported that the birth weight of the young 
successfully raised and the gain in weight up 
to the time of weaning were lowest in family 
2 animals. Of the families in existence at that 
time, family 13 was among the highest in these 
two respects. After 21 additional years of 
inbreeding, this difference is still pronounced. 
Raised under the same conditions, the average 
birth weights of family 2 and family 13 males 
are 81.5 and 92.9 gm., respectively, while 
their average weights at the time of weaning 
are 195.9 and 232.8 gm. These differences are 
significant (t = 1.98, p < .03, for the birth 
weight, and / = 2.49, p < .01, for the weaning 
weight). 

Our data reveal the continued existence of 
another difference reported by Eaton. In 1932, 
family 13 had the highest percentage of abor- 
tions, defined as cases in which all the fetuses 
were born dead before the sixty-third day of 
pregnancy. In the tests in this study, abor- 
tions occurred in 28.5 per cent of the 40 fertile 
matings in family 13, whereas no abortions 
occurred in 17 matings between family 2 
animals. 


DISCUSSION 


The homogeneity of performance foul 
two highly inbred families emphasizes t 
value of such animals for studies of Sexue 
behavior. In contrast, the larger interindivi v 
variance of the heterogeneous animals Eos 
tates the use of very large groups in order | 
ascertain the role of hormonal and experient e 
factors which may be contributing to E 
development of sexual behavior, but ay 
effect might otherwise be concealed by 4 
differences between animals. On this po! s 
Scott states that with closely inbred HIE 
of animals, “Hereditary variability may his 
considered a negligible quantity, and t a 
may in some cases greatly reduce the numbe á 
required for sampling and for obtaining clea 
experimental differences” (7, p. 529). safe 

The homogeneity of the inbred anima Š 
appears to have a genetic basis, but alternativ" 
explanations cannot be excluded withou 
further study. Eaton (2) noted that a e 
Stock maintained by matings of animals mor 
distantly related than third cousins p 
suffered a decline in vigor that was equal : à 
and in some instances greater than, that of t ^ 
inbreds. This indicated that some influen? 
aside from inbreeding was responsible for tho 
loss of vigor. It is possible, therefore, E 
Some cumulative effect associated with caging, 
and independent of breeding, may have hen 
operating. Since 1906 the inbred animals hav" 
been maintained under special condition 
which restricted their contact with other an! 
mals. This was necessary in order to mn 
matings to brother-sister pairs. The hetas 
geneous animals used in this study, on t 
other hand, were maintained in large breeding 
cages prior to the time they were acquire 
the laboratory. It would be difficult to 9^. 
termine the cause of the changes which ° 


de- 


: f Lor! 
curred in the inbred animals, but such fact? 
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ae cage space, activity, and the 
and type of contact with other animals 
may be relevant. 
dling z other hand, factors of special han- 
fe an e explain all the results found in 
Medi Families 2 and 13 received similar 
Nive res over the course of years, but they 
only <a differently. The families not 
Uil characteristic weight curves and 
which Sense but evidence has been presented 
Pate icates that they have characteristic 
At rns of sexual behavior. 
lined ie nb these inbred families are being 
assay Be. PRU diete which are designed to 
ion, Is e of experience, hormonal stimula- 
sexy nutrition for the development of 
al behavior. 


SUMMARY AND CONCLUSIONS 


pig. o highly inbred strains of male guinea 
é seed tested for strength of sex drive. 
eter rage scores of the inbred families and 
‘ ema stock were compared. 
Significance from the inbred strains were 
ificant] Y lower in sex drive and had sig- 
Beneous smaller variances than the hetero- 
animals. 
achieve? males from the inbred families 
displaye Je aine the same score, but 
avior, p. different patterns of sexual be- 
display amily 2 males were more active but 
fami] Yed less mature sexual behavior than 
jte males. 
Not Ithough alternative explanations can- 
© excluded, the possibility that the 
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character of mating behavior may have a 


genetic basis is suggested. 
4. The inbred families had characteristic 


growth curves and characteristic rates of 
abortion that were similar to those reported 


21 years earlier. 
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THE GENESIS OF EMOTIONAL BEHAVIOR: 
AN EXPERIMENTAL STUDY OF THE DOG 


RONALD MELZACK! 
McGill University 


Earlier studies on the genesis of emotional 
behavior (1, 2, 8) have indicated that emotional 
development occurs in a specific, patterned 
sequence. While these data have been used as 
evidence for the role of maturation (4, 7), they 
describe, in fact, the product of an interaction 
of environmental stimuli and sensory and 
neural maturation. 

Recent experimental studies of spontaneous 
fears in the chimpanzee by Hebb (5) and Riesen 
(6) have shown that early visual experience is 
necessary for the emergence of this type of be- 
havior. Furthermore, Melzack (11) has pro- 
vided evidence that the integrated part of an 
emotional response (i.e., attack or retreat) is 
dependent in part on learning processes. 

The present investigation is an attempt to 
answer the following question: If an organism 
is deprived of normal sensory experience, but 
neural and sensory maturation is not other- 
wise disturbed, how would its emotional be- 
havior compare with a normally reared indi- 
vidual of similar heredity? 


METHOD 


The method of experimental sensory restriction has 
been described in an earlier paper from this laboratory 
(3). Typically, two littermate dogs were reared from 
puppyhood to maturity in a cage which was so de- 
signed that the dogs could not see outside, although 
normal daylight was able to páss through the top. 

After the restricted dogs were released, they re- 
ceived the same amount of handling and sensory 
stimulation as their normally reared littermates. 

Subjects. Four litters of an inbred Scottish terrier 
strain were used. Each litter was randomly divided 
into two groups. One group, containing a total of nine 
dogs, was placed in restriction cages. The second 
group, containing eight dogs, was reared in a “free 
environment": two dogs were raised in private homes, 
while the others remained in the laboratory and re- 
ceived considerable handling. 


1 The author wishes to acknowledge gratefully the 
advice and guidance of Dr. D. O. Hebb. The help of 
Mr. W. Ponman in rearing some of the dogs, and of Mr. 
J. D. Cleghorn in supplying some of the test objects is 
also greatly appreciated, This research was assisted by 
grants from the Dominion-Provincial Mental Health 
Program and the Rockefeller Foundation. 
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Three litters were tested three to five weeks after 
the restricted dogs were first released. Two of these 
litters were tested a second time ten months after re- 
lease. The fourth litter received preliminary tests two 
months after release and was retested ten months 
later. T 
Apparatus. Seven innocuous but emotion-provoking 
objects (11) were used: a mannequin head, a bear sk y 
a chimpanzee skull, a toy car, an umbrella, a balloon, 
and a live rabbit. me 

Procedure. The experimental procedure was the ai 
for both groups. Each dog was led into a room W^ UR 
was lighted by a lamp, under which lay the tested 
After 60 sec., the object was moved slowly, in zig- Bo 
motion, toward the dog for another 60 sec. The ie 
brella was opened to a 36-in. spread, and the ba 
was blown up to 10 in. in diameter, over a period © He 
sec., before being moved toward the dog. Behavior T 
recorded only before the rabbit made its first movema d 

Categories of emotional behavior. The emotional $: 
sponses of the dogs were recorded under three heading 
diffuse emotional excitement, avoidance, and agg 
sion. This classification was made in consultation ur 
others who were working with the dogs and present f 
little difficulty in evaluating the emotional respons 
obtained in the present experiment. v 

The behavior which was tabulated as diffuse 9" 
tional excitement was characterized by increased E 
citement when the stimulus object came into the ee 5 
field of vision: S would move about rapidly, some iss 
in a whirling motion, but always keep a certain E 
tance from the object. It was also recorded wan 
type of behavior occurred which can be best descr! 
as “teasing” or “stalking,” with gross, excited bo 
movements: the animal would jump back and for y 
near the stimulus object, and although rudimenta! 
forms of avoidance and aggression could be discerne 
the excitement often increased without the emerge” 
of either pattern, i as 

The two types of behavior which were classified 
avoidance were: (a) a characteristic response in whit 
the animal squats, has its ears pressed against its nec ; 
and has its head turned so that the object is alway? 
90° or more from the dog's line of vision; and (b) Y 
cited withdrawal when the object was moved toriy 
the dog. Frequently the dog lowered its body quick! n 
and then moved excitedly away from the test objec x 

Aggression was usually displayed by an excited ye, 
proach toward the stimulus object by the dog, acc? Bs 
panied by growling, barking, snapping, and sometim. 
biting. à imal 
The dogs were numbered randomly by the an” | 
caretakers, and E was unaware of the past history 


the individual animals. 


EMOTIONAL BEHAVIOR IN THE DOG 


RESULTS 


Eme type of response was recorded for 
The RS o the presentation of a test object. 
Sets pes of all the dogs to the seven ob- 
a aN ranked with respect to category of 
dog, E behavior and past history of the 
by Miro Ne cn. U values, described 
ated yn Whitney (10), were then calcu- 
me m p values were obtained for differ- 
Result a the free and restricted dogs. 
ease of i oblained three to five weeks after the re- 
dl p restricled dogs. The dogs which were 
E. e restriction cages made significantly 
co MES in the category of diffuse 
Sunt do excitement than the free-environ- 
ops, foe (Table 1). The free-environment 
ance res ver, made significantly more avoid- 
i E The probability. that these 
one aggre would occur by chance 1s .001. Only 
zur p response was recorded. 
Btoups a differences between the two 
teeenviron: observed. The avoidance of the 
y à En dogs was usually performed 
While the o Ive, clearly adaptive movement, 
restricted [pns e avoidance response of the 
More excit ogs involved “mass activity” and 
Pating in ation, with the whole body partic- 
ESM the response. 

E iea 10 to 12 months afler the 
still made gs were released. The restricted dogs 
Category M mei oA more responses in the 
ever, the iffuse emotional excitement. How- 
ogs inc avoidance responses of the restricted 
reased in frequency, and there was no 


Frequen TABLE 1 
c ; : 
by “Re 2 of Various Forms of Emotional Response 
ricted" and “Free” Dogs in Seven Tests 
RESP 3 TO 5 WEEKS AFTER | 10 TO 12 MONTHS AFTER 
NSE RELEASE RELEASE 
Ex RESTRICTED |FREE| $ RESTRICTED |FREE ? 
item, —| 
Me dent 
n 
ange 3.9 0.5 |.001 1.6 0.2 |.045 
AVvoida, 2-1 E 
dance 0-1 0-5 0-1 
an 
nge 1.9 5.5 |.001 4.0 35 | — 
BRtession 0-4 5-6 2-7 0-6 
ean 
R 
o age d 0.2 |— 0 2.2 |.026 
Teptlonal 0-1 0-7 
Do} 
Mean nse 
nj 
ge m 0.8 | — 1.3 1.2 | — 
0-2 044 0-2 
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longer a difference between the two groups in 
this category. But the free-environment dogs 
now displayed aggression responses, which 
differed from the behavior of the restricted 
dogs at the .026 level of significance. 

Observations of restricted dogs in their cages. 
Although the restricted dogs received a narrow 
range of sensory stimulation, they apparently 
acquired thorough familiarity with these stim- 
uli. During the period of restriction, any small 
change in their cages, such as a new object on 
the wall or the removal of a fixture from the 
cage, was sufficient to cause great excitement. 
But within periods of less than 10 min. the 
dogs would sit down at the part of the cage 
which was farthest from the new object, and 
with their backs to it. They would occasionally 
move their heads toward the object, but then 
quickly turn away and face the opposite 
direction. This undisturbed avoidance often 
lasted for days. 

When the restricted dogs were first released, 
however, their level of excitement was higher 
than any yet observed in the normal controls, 
and was maintained for long periods of time. 
But the dogs became quiet immediately if 
they were returned to their cages for a short 
time between testing periods. 

The emergence of avoidance from diffuse 
excitement was observed occasionally during 
a single test trial. The dog pranced rapidly 
back and forth near the test object until, at 
the end of the trial, it moved backward only 
after every movement of the object. 


DISCUSSION 


The present investigation adds further 
support to the view that diffuse emotional 
excitement is a primitive, disturbed response 
out of which avoidance and other forms of 
emotional behavior develop (2, 6). It demon- 
strates, however, that this behavior is primitive 
only in so far as it appears prior to integrated 
forms of emotional behavior. It may appear 


at any stage of the animal’s life when the 


situation differs greatly from any that the 


animal has already encountered. 
The behavior of the restricted dogs in their 


cages indicates that sensory and neural matura- 
tion had provided the necessary substrate for 
the restricted dogs to react adaptively. It 
seems, therefore, that well-organized experi- 
ence of the environment in which emotion- 
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provoking objects will appear is necessary for 
the emergence of adaptive emotional behavior 
such as avoidance and aggression. The fact 
that considerable diffuse excitement was mani- 
fested by the restricted dogs after almost a 
year of normal laboratory environment indi- 
cates that organized perceptual experience of 
a new environment is acquired through long, 
continued periods of sensory stimulation. The 
present experiment also provides evidence that 
in the course of emotional development 
avoidance appears before aggression. 

It can be concluded from the results, then, 
that the degree to which an organism is dis- 
turbed by innocuous, emotion-provoking ob- 
jects is determined, in part at least, by (a) the 
range of experience of the organism, (b) the 
degree of familiarity which the organism has 
with the environment in which the disturbing 
stimulus appears, and (c) the magnitude of 
change in the environment. Thus, if sponta- 
neous fears are to be used as a valid test among 
different species, as suggested by McBride 
and Hebb (9), these contributing factors must 
be kept constant. 

Furthermore, observations of restricted dogs 
in their cages indicate that results obtained 
with restricted animals do not represent simply 
the effects of a deficiency of sensory experience. 
They also reflect a disruption of organized 
behavior which the animal can perform if it is 
observed in the more familiar environment of 
its home cage. 


SUMMARY 


1. Four litters of Scottish terriers were 
divided into two groups. One group was reared 
in a restricted environment. The other group 
was raised in homes or in a normal laboratory 
environment. After the restricted dogs were 
released, both groups were tested with seven 
innocuous but emotion-provoking objects. 

2. The restricted dogs, three to five weeks 
after they were released, showed a predomi- 
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nance of diffuse emotional excitement, while 
the control dogs tended to avoid the test 
objects. 

3. The restricted dogs, 10 to 12 months after 
release, made as many avoidance responses as 
the free-environment dogs. While the restricted 
dogs continued to manifest diffuse emotional 
excitement, the free-environment dogs now 
displayed aggression responses. : 

4. Well-organized experience in the environ- 
ment in which emotion-provoking objects will 
appear is necessary for the emergence of adap- 
tive emotional behavior such as avoidance 4” 
aggression. 
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HE DISCRIMINATION BETWEEN LIGHTS OF DIFFERENT WAVE LENGTHS 
IN THE CAT 


RALPH GUNTER! 


Grou : J H 
(b for Research in the Physiology of Vision, Medical Research Council, I nstitute of Ophthalmology, London 
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ma dast theories dealing with the physiological 
of the ma of color vision emphasize the role 
ights of iffa. in the discrimination between 
Visual rece erent wave lengths. Animals whose 
ights are nl respond differentially to such 
ose wh ssumed to have color vision, whereas 
responses T visual receptors give equal 
S thesace unlikely to have color vision. 

Granit (6) ex of the microelectrode technique, 
a large nu ee the retinal sensitivity of 
Wave len E. er of animals to lights of different 
Sensitivity S, and found differential retinal 
in rina under conditions of light adaptation 
totally è Ra Ra had been considered 
animals s or-blind. He points out that in 
ad ag which the existence of color vision 
found a b well established, he invariably 
‘brightne toad dominator band, representing 
tor Bend as well as some narrow modu- 
i ‘ ” > : 

Spectra] i a me color,” in various 
teca ons his technique, ie, by 
different os, ce the cat retina to lights of 
Bolate p ave lengths, Granit (5) was able to 
With sen arrow response curves (modulators) 
e Sensitivity maxima in the red (A600 my), 
(Magen (4520-540 my), and the blue 
Color yi 0 my) region of the spectrum. Since 
a imal may be assumed to exist in an 
etween it has shown to exercise a choice 
Under colors on the basis of wave length 
a conditions, the present 
b ent was designed to determine by 


avior; P 5 
" al technique to what extent this 
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retinal mechanism of wave length discrimina- 
tion is linked to an ability on the part of the 
animal to make use of the signals received 
from the retina, so as to be able to respond 
differentially. 


METHOD 


Discrimination Apparatus 


The apparatus employed in the experimental situ- 
ation was almost identical to that employed in the 
previous investigation on the animals’ photopic spec- 
tral sensitivity (11), and a detailed description and a 
diagram of the apparatus are given in an earlier 


paper (9). 


arm of the Y. The stimulus light was projected from 
behind onto a 3-in. by 3-in. opal glass panel placed in 
the middle of each door. This stimulus panel was sur- 
rounded by white material of high reflecting power. The 
animal signified its choice by pushing open one of the 
doors; it obtained its food reward behind the door 
bearing the positive stimulus. 


Light Adaptation 


Prior to the daily experiments all animals were light- 
adapted for at least 30 min. Light adaptation during the 
course of the experiments was maintained by high 
over-all illumination and by eight 100-v. lamps sus- 
pended along the length of the experimental apparatus. 
Four additional 100-w. lamps were suspended above 
the restraining compartment of the apparatus to which 
the animal was returned after each run. In no part of 
the experimental situation was the over-all intensity 


below 300 ft-c. 


Control of Pupil Diameter 


The high light intensity used for keeping the animals 
light-adapted produced a contraction of the pupil to 
der to check on the effect of this 


a narrow slit. In or 3 
function on light adaptation, four animals (two of each 


group) were tested in the di i 
red and green versus blue, while the animal's pupil 


was kept open by drops of homatropine administered 
locally before the beginning of the experiment. They 


were given 900 trials to each of the two pairs of colors. 


The Stimulus 


Ilford spectrum filters No. 601-608 were used to 
provide the spectral stimulus. These filters have their 
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regions of maximum transmission in the violet, blue, 
blue-green, green, yellow-green, yellow, orange, and red 
part of the spectrum, respectively. The spectral trans- 
mittance of all spectrum filters used was determined by 
means of a Beckmann spectrophotometer, and the 
relative energy content of the filter-source combinations 
was computed. 

The spectral stimuli were projected onto the stimulus 
panel in the doors of the discrimination apparatus. The 
stimulus intensity could be varied by means of neutral 
density filters and optical wedges in the manner de- 
scribed in an earlier paper dealing with the determina- 
tion of the animals’ photopic spectral sensitivity (11). 
The spectral transmittance of the optical wedges and 
of samples of the neutral density filters employed was 
determined by means of a Beckmann spectropho- 
tometer. Their neutrality—over the visible range— 
was found satisfactory. Prefocus projector lamps, 230 v. 
250 w., with a color temperature of approximately 
3000 K were used as light source, and their intensity— 
with no filters in the beam—was kept constant at 200 
ft-c; the measurements were made at the stimulus 
panel. 


Optical System and Voltage Control 


The arrangement used for the present experiment 
was essentially identical to the one used in previous 
investigations (9, 10). 


Subjects 


Eight animals were used in the present study. The 
experimental group consisted of four animals whose 
spectral sensitivity had been determined in previous 
experiments (10, 11). The control group consisted of 
four animals that had never been tested. 


Procedure 


For the determination of the animals’ photopic 
spectral sensitivity, the intensity of the white-light 
stimulus was kept constant while the simultaneously 
presented spectral stimulus was changed in intensity 
until the animals could no longer discriminate between 
them. By this method eight spectral regions, isolated 
by Ilford spectrum filters, were matched by the animals 
toa constant white light. These data afforded a measure 
of the relative amounts of spectral lights that the 
animals confused with the constant white-light stimu- 
lus. These various relative amounts of the eight dif- 
ferent spectral lights, having led to a constant response 
on the part of the animals, are, therefore, of equal 
brightness value to the cats. Any discrimination be- 
tween spectral stimuli thus matched in brightness may 
be assumed to be based on differences in wave length 
and is suggestive of color vision. 

, The various spectral stimuli were presented on the 
Stimulus panel in random pairings in successive trials. 
All animals were trained for 950 trials with each pairing 
of the eight spectral filters. 

Five hundred additional trials were obtained from 
all animals to the spectral regions isolated by the fol- 
lowing three filter combinations: blue (+) versus red 
green (+) versus red, and blue (+) versus green, ; 

One of any two spectral stimuli was arbitrarily called 
positive and rewarded, and the position of this Stimulus 
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on the panel was interchanged with that of the nega- 
tive stimulus in random order. The intensity of the 
negative stimulus in each pair of filters was changed 
by a small amount in random steps in each series of ten 
runs, so that the animal was prevented from learning to 
respond to any small brightness difference that it might 
still detect between the two stimuli. In each daily ex- 
perimental session we aimed at obtaining 50 responses 
from each animal. A 

During the course of the experiments the animals 
could not obtain the food behind the door bearing the 
negative stimulus color; they were not allowed to cor- 
rect for a wrong and unrewarded response by turning 
back and opening the positive stimulus door to obtain 
their reward. Later, the method was changed, and the 
animals were allowed to correct themselves for any 
mistake. With both these methods, however, Geass 
unresponsiveness and a marked tendency for oe 
animals to fall into a persistent “position habit” we 
observed. 


Control Experiment 


As stated above, the animals employed 
vestigation had all been used previously in 
tions of spectral sensitivity. These experiments, 
on discrimination between differences in intensity, yo 
have ingrained the brightness habit to such an 
that the animals may have been quite unable to “SW? 
over” and respond to differences in wave length © 
stimulating lights. For this reason four fresh ani on 
with no previous training in any sort of discriminati - 
were introduced into the experimental situation to i 
termine if they would learn to discriminate bet 
the spectral stimuli to which the other cats had ay 
responses of equality in brightness. The stimuli wen 
presented in the same manner as for the experimen 
group. When after 950 responses to the stimulus Er 
binations blue versus red, blue versus green, and gre 
versus red, the responses remained random, t a- 
learning ability was checked in a brightness discrimi” 
tion experiment (red [+] versus white light of dis- 
intensity). All the control animals learned this 20 
crimination to a criterion of 16 correct responses I 
runs in an average of 200 trials. When the red- es 
stimulus was exchanged for blue or green light, he 
was complete transfer of correct responses to me 
stimuli, provided the white-light stimulus was of mu 
greater relative intensity. 


in this in- 
determina- 
base 


mals 


RESULTS 


None of the experimental animals conforme 
to a learning criterion of 80 per cent com 
responses in a series of 20 runs within " 
trials. After an additional 500 trials to eg 
of the spectral regions previously explore d 
none of the animals showed any evidence d 
learning. Figure 1 shows—as an indicatio? ad 
the general trend—the responses to 4 i us 
(+) versus green (O), and blue (+) ve” m 
yellow discrimination (X). Plots of aee 
of discriminations between the other © 


pairs are all of a similar character. 


CAT COLOR VISION 
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t ess discriminati don 
Pu COMI ati. Each point is the mean of 


hi 

learnin control animals showed no sign of 
of £ the color discrimination to a criterion 
trials at responses in 20 runs after 950 
of the sa 8. 24). Figure 2B shows the responses 
tion dos animals to a brightness discrimina- 
athe tees learned after about 200 trials. 
a m viue of the animals whose pupils 
th, atropine a by the local application of 

Ose d not differ significantly from 


t] * 
Bave only Es experimental group. They also 
ance performance in 900 trials. 
In . DISCUSSION 
an, Previou 


S investigati é 
q S, thei gations on the sam 
ley tind for Spectral sensitivity had been 

els of illumi n Pie (10) and photopic (11) 
ation. Tt was observed that, in 


171 


spite of a very large number of reinforced 
trials, there was for each animal a certain 
intensity level of colored light which it 
confused with the white-light stimulus of 
constant intensity. (In a modified form of the 
experiment, a certain intensity level of white 
light was found which all animals confused 
with the spectral stimulus when this was kept 
constant.) 

This observation, as well as the complete 
ease with which all animals transferred their 
responses from one color to any other, provided 
the opposing stimulus on the panel was 
sufficiently higher in intensity than the white 
light, gave some indication of the possible 
absence of color vision in this species. The 
inability of the animals in the present study 
to discriminate between colors on the basis of 
wave length when the spectral stimuli are 
matched in brightness, and the inability of 
the control animals to learn this discrimination 
afresh, fits in well with other available evidence 
where this species was examined for color 
discrimination by the method of behavior (2). 
De Voss and Ganson (3), who trained cats to 
respond to colored papers, found for each of 
the colored stimuli a certain gray paper that 
the animals confused with it. Essentially, the 
same result is reported by Gregg et al. (8); 
who found that their cats were unable to 
discriminate between spectral lights produced 
by filters when white light of varying levels of 
intensity was introduced. 

The only positive result obtained by the 
behavioral technique is claimed by Kalischer 
(12). His procedure, however, is open to grave 
objections. In training the animals to undyed 
versus dyed food, he made no attempt to 
control olfaction, and further he gives no 
details with regard to his control of the 
brightness factor. 

The application of the method of con- 
ditioned reflex to the problem of animal color 
vision has yielded negative results for Pavlov 
(13) on the cat; while for the rabbit, Brown 
(1) claims to have established this function. 

The evidence obtained by Granit (6) for a 
peripheral mechanism of wave-length dis- 
crimination in the cat is corroborated by 
Donner (4), who investigated the impulse 
frequency at “on” and “off” in 100 elements 
of the cat’s eye. He found that in elements 
which were selectively sensitive to wave 


lengths, the response to red rose at a faster 
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rate than the response to green. The late 
maximum for the blue stimulus he considers 
characteristic for that color. Donner then 
traced his curves through the spectrum and 
found three maxima, one each at A600 my, 
A520 mp, and M60 my, thus corresponding to 
the maxima of modulators found by Granit 
(6) in the same eye. The same areas of pre- 
dilection reappeared when color reception was 
examined by the method of polarization (7). 

The evidence for lack of any color dis- 
crimination in the cat, as determined by 
behavioral criteria, raises a question as to the 
significance of modulator curves. It may be 
possible for differential retinal sensitivity to 
exist with no mechanism for central analysis 
of the messages from the ganglion cells. 
Furthermore, the modulator curves may not 
represent the significant neural messages in any 
case. 


SUMMARY 


The ability of cats to discriminate between 
lights of eight different spectral regions was 
examined by the use of the method of behavior 
in the discrimination box. 

In order to ensure that the discrimination 
was not based on brightness but on differences 
in wave length, the various relative amounts 
of different spectral lights that, in a previous 
investigation on the animals’ photopic spectral 
sensitivity, were found to be of equal stimulus 
value to the animals were used as stimuli and 
projected in pairs. 

By definition, color vision can only be 
assumed to exist in an animal if it has shown 
to exercise a choice between different spectral 
lights, depending on wave length. 

Thus, the conclusion that color discrimina- 
tion seems absent in this species is based on 
the following observations: 

The four experimental animals were unable, 
after 950 trials, to discriminate between lights 
of different wave lengths when these had been 
matched in brightness by the animals them- 
selves. An additional 500 trials to three 
selected spectral regions also produced no 
evidence of learning. 

Four control animals, untrained in any 
sort of discrimination, were introduced into 
the stimulus situation to determine if they 


could discriminate, on the basis of wave- 


length, between spectral lights which had been 
matched in brightness by the experimental 
group. No learning was evident after 950 
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trials. When the learning ability of these 
animals was tested in an intensity discrimina- 
tion, all animals learned to discriminate a low- 
intensity spectral stimulus from a white light 
of relatively high intensity within 200 trials. 

In order to test the effect of pupil con- 
striction (due to light intensity) on the 
response of the animals, four cats (two from 
the experimental group and two from the 
control group) were run for 900 trials to two 
sets of spectral stimuli with their pupl$ 
dilated by local application of homatropine- 
The responses of these animals did not am 
significantly from their discriminations with- 
out the drug. 95 

It is suggested that, in spite of the ae 
possession of a peripheral “color iei 
mechanism, the behavioral method employ" 
in the present experiment has produced = 
evidence of an ability on the part of the nes 
to respond differentially to lights of diferen 
wave lengths which are of equal brightness 
the animal. 
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Sever; 

Be ae (2, 4, 5) have reported that 
social ene lesions result in changes in 
Vestiga tors ior of monkeys. Since these in- 
In social bdlavi e only incidentally interested 
scriptions ye they reported only summary 
Benerally i; of their methods or results. It is 
Teborts 2 er rai to determine from their 
Conclusion, what basis they arrived at their 
Social Seba and what, in fact, they meant by 
Using a "ed Therefore, a. series of studies 
ĉen undert, Tm method of observation has 
EU m io relate brain function to 

rody ce in monkeys. 
Method zn Rosvold (1) reported in detail a 
9botomy o studying the effects of frontal 
9 Macaca p. social interaction in a. colony 
ise ier alla. A similar method was used 
Obe lesion o study of the effects of a temporal 
Sys. In a Ped ee interaction among mon- 
SY, when h ition, the behavior of each mon- 
oused separately, was observed. 


" ME 
Animals THOD 


Eight 
you 
SE 2.90 tod male rhesus monkeys, ranging in weight 
in Week period kg, were housed for a total of 18 
a Be, alternately, either separately in 
Tab, ing to th or together in a large group Cage, 
hy a M. The i a temporal sequence designated in 
skg vs ft, The ividual cages were 2 ft. by 214 ft. 
thug t. and ha aT cage was 734 ft. by 474 ft. by 
Smalle tmitting m a movable partition at the center, 
monpa Cages 334 e large cage to be divided into two 
RoS were h it. by 414 ft. by 634 ft. When the 
throy ad monk oused individually, they were fed 
monet the d pellets and peanuts, one at a time, 
nui? Were in go of the cage front. When the 
feedin S Were int e group cage, either pellets or 
levice ae one at a time, through @ 
5a lag obliquely. ane of a length of 1}4-in. pipe 
Gin cont ease: It w n a stand so as to extend 1 ft. into 
py S aining 4 & as fitted at the animals’ side with a 
qur, E monkeys Ml opening large enough to admit 
"iy; ditiona pee At the end of the observation 
s al cage, as as were thrown into the group oF 
"Thi € situation required, in amounts 
Vatan Work was 
100}. Administration Can in part by grants from 
1325) ation Contracts VAM 23379 and 
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sufficient to make up the total daily ration of 80 cal/kg 
body weight per animal. This diet was supplemented 
three times a week with one-half orange per animal. 


Observational: Group Cage 


When the animals were together in a group cage, one 
E observed them at the same time each day for 1 hr. 
during the peanut-feeding situation. Four hours later 
another E observed while introducing the pellets. 
Food was also frequently offered directly to one or 
another of the animals, or placed between two monkeys 
of the group. Diary records were kept of group be- 
havior, and when the typical group interaction had 
been reliably described, the most dominant—i.e., 
the highest animal in the hierarchy—was subjected to a 
two-stage bilateral amygdalectomy. Two other animals 
were operated on at two-month intervals. During the 
two weeks allowed for surgery and recovery, all animals 
were housed individually. 

During the latter half of six of the two-week group- 


cage periods, alterations in group size and living space 
were instituted to increase interaction and to isolate 
the hierarchy was 


those parts of the group in which 
not clear for more intensive study. In addition, food was 
withheld from the colony at various times for 48 or 


72 hr. 


Observational: Ind ividual Cages 


At the same time on each day of the individual-cage 
periods, one E observed each monkey while offering 
it three peanuts. Four hours later, another E observed 
each animal while offering it five pellets. During period 
1, diary records were kept of each animal's behavior. 
At the end of this period, and before placing the 
animals together for the first time in the group cage, the 
two Es independently ranked the eight animals in 
order of aggressiveness and/or fearlessness? On each 
day of succeeding individual-cage periods the monkey's 


behavior was rated according to the categories Jisted 
in Table 2. The total score was used as a measure of the 


aggressiveness of each animal. 

al and Anatomical Procedures 

astic craniotomy was performed on 
they were anesthetized with 0.8 
t solution of Nembutal injected 


Surgic 


A two-stage myopl 
three of the animals; 


cc/kg of a 5 per cen 
ndividual-cage behavior will 


2 Hereafter ratings of n 
1 ggressiveness." They probably could 


a 

equally as well be labeled “fearlessness.” The definition 
i the categories listed in Table 1. In the 

group-cage situation, however, “aggressiveness” has 

the objective pehavioral referrant of one animal attack- 


ing or threatening another. 
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TABLE 1 
Temporal Sequence of Observation Periods 
DESCRIPTION wi periods) | srruattow 

Preoperative period 1 I 
25 G 

3 I 
4 G 

5 I 
6 G 

1st operation 7 I 
1st postoperative period 8* G 
9 T 

10f G 

2nd operation 11 I 
2nd postoperative period 12 G 
13 I 

14* § G 

3rd operation 15 I 
3rd postoperative period 16 G 

17 I 

18* 1 G 


Note: I refers to individual cage; G refers to group cages. 

* Large cage divided in two, top four animals in one, bottom 
four in the other. 

t Cage space reduced by one half. 

§ Most submissive animal in the group removed from thecolony. 


TABLE 2 
Individual-Cage Behavior Scoring Scheme 


CATEGORIES RATING AND DESCRIPTION 
Vocalization Noisy-loud = +2 
Soft noises = +1 
Silent = 0 


At front of cage = +3 

Goes from front to middle (back) 
= +2 

At middle of cage = +1 

At back of cage = 0 

One + for each taken, up to 5. 
If none taken = 0 

Stays at front for all pellets = 
+2 

Retreats after each to middle of 
cage = +1 

Retreats after some but not all 
= +1 

Retreats after each to back = 0 

Jumps at E during feeding = +2 

Teeth baring or grimacing = +1 

Neither = 0 

Animal makes as if to escape = 
—1 for each time it occurs 


Position at start of 
of feeding 


Pellet taking 


Behavior after tak- 
ing pellets 


Threatening be- 
havior 


Flight behavior 


Note: Aggressive toward E = high positive score (max. +14); 
fearful of E — low positive or negative score. 


intraperitoneally. In each case, the left side was oper- 
ated first and the right side a week later. A semilunar 
incision was made over the zygoma, curving forward 
over the orbit. Temporal muscle was split and the 


„this lesion invaded the uncal extrem 
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nd recon- 
Black 10- 
oblique 


Fic. 1. Representative cross sections ài 
structions of brains of operated animals. 
dicates lesion, xxx indicates spared amygdala, 
lines indicate spared Ammon’s formation. 


zygoma excised. After a burr hole had been enlarged b 
expose the orbit and temporal fossa, the dura was o 
in a cruciate manner. The temporal lobe was retracha] 
thus exposing the periamygdaloid region just m ker 
and posterior to the Sylvian fissure. An 18-gauge Buc " 
was inserted into the amygdala, and the entire form! 
tion removed subpially downward and backwar ily 
far as the temporal horn of the ventricle and E by 
as far as the brain stem. Bleeding was controlle 
packing and cautery, and the wound was thorou£ in 
irrigated before closing the dura. Fascia was clor lp 
layers with interrupted silk technique and the 5 
with continuous subcuticular stitch. on 
When the behavioral observations had been C 


e eir 
pleted, the operated animals were sacrificed and th 


aet de- 
brains prepared for histological examination as 
scribed by Pribram and Bagshaw (4). 
RESULTS 
Anatomical 
5 P ʻa illus 
The reconstruction of the lesions i$ ill 


trated in Figure 1. The lesions in the thr’ 
animals were approximately bilaterally $ ni 
metrical. In Dave’s brain, in the rigbt he: i 
Sphere, the medial portion of the — 
polar cortex, together with all of the amy£ he 
loid complex except for a small: portion 9 


iorlY: 
lateral nucleus, was resected. wee ai 
phere 


Ammon’s formation. In the left hem'SP" < 


the lesion in the temporal polar cortex 


AMYGDALECTOMY AND SOCIAL BEHAVIOR 


x: 


ZEKE 2 
AGGRESSIVE, ATTACKER 


° DAVE 
DOMIN l 
ANT, SELF-ASSURED, FEARED 


H! 
IERARCHY BEFORE ANY OPERATION 


PLACID, UNAGGRESSIVE. 


a 


RIVA 3 
AGGRESSIVE, ACTIVE 


HERBY 4 


k 


ARNIE 6 
NOISY, EAGER 


& 


BENNY 5 
ALERT, AC TIVE FOOD GETTER 


SUBMI LARRY 8 
FREA SIVE, CO 
EGUENTIS ROANNE SHORTY 7 
N C a 
d y£ 
IN 
SUBMISSIVE TO OTHERS, AGGRESSIVE 
TOWARDS LARRY 
i Fic. 2. Hierarchy before any operation 
Slight] 


o; e extensive laterally, a little more 
Ammon Solateral amygdala was spared, and 
Ventro; 3 formation barely touched on its 
M surface. 
invaded € the temporal polar cortex was barely 
Btoup ói on either side. The corticomedial 
Tesecteq beds nuclei was completely 
baso ate; ilaterally, but a small portion of the 
Nor eat group remained intact. The poste- 
formati of the lesion barely touched Ammon’s 
lon. 
Polar a the lesion invaded the temporal 
i “mi bilaterally, and again the cortico- 
Tesecteq je of the amygdala were completely 
Nuclei w owever, the basolateral group of 
Sides “Th. fairly extensively spared on both 
otmation e uncal extremity of Ammon’s 
Media] Sine, = slightly injured on its ventro- 


701, 
!-Cage Belimiz 


Y the . 
"ance hi Second group-cage period à domi- 


ie 
Tarchy was firmly established on the 


basis of primacy in food getting and such 
other dominant behavior as aggressive chas- 
ing, biting, and threatening gestures. This 
hierarchy is portrayed in Figure 2. 

Within five days after Dave had been oper- 
ated on, he became submissive to all but 
Larry. Zeke now monopolized the feeding 
pipe, dominated the feeding situation, and 
occupied the preferred floor area of the cage 
once held by Dave. Toward the end of this 
period, when the group was divided into top 
and bottom four, Dave became completely 
submissive, even to Larry; he avoided other 
animals, made no attempt to get food, and 
even refused to accept food from E. Attemptsto 
reach Dave's threshold for aggressive response 
by increasing group interaction were unsuc- 
cessful. Even though he would be bitten until 
blood flowed, he exhibited no aggressive or 
retaliatory reaction toward the animal that 
had attacked him. 

On the twelfth day after his second opera- 
tion (the fifth day of group interaction), Zeke 
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RIVA | 
~ |]! More pominant, 


UNPREDICTABLY AGGRESSIVE 


& VICIOUS 


HIERARCHY AFTER RIVA'S OPERATION 


ZEKE ý 
CONTINUES INTERMITTENTLY AGGRESSIVE 


TOWARD DAVE 


DAVE 8 
OUTCAST, FLEES FROM ALL 


PRE FOST | PRE POST PRE POST| PRE POST PRE POST 


Fic. 4. Aggressiveness in individual-cage situation 
before and after amygdalectomy. Benny’s scores are 
included for comparison. 


became submissive to all but Larry and Dave. 
Riva now dominated the feeding situation and 
the food pipe, sharing with no one. Zeke con- 
tinued to be dominant over Larry and Dave 
until shortly after the colony was separated 
into the top and bottom four, when Larry 
began attacking Zeke. Coincident with this 


.hierarchy at the end of the experimen 


Hi ENGER ROSVOLD, ALLAN F. MIRSKY, AND KARL H. PRIBRAM 


BENNY 3 
5 
ARNIE 4 
SHORTY 


reversal in the Larry-Zeke relationship, Zek* 
exhibited a tremendous increase in his aggre 
sion toward Dave, attacking him almost CO” 
tinuously during the feeding situation. 
way of increasing interaction with Zeke, in 2? 
attempt to reach his threshold for aggressive 
response against the other animals in 
group, Dave was removed from the colony: 
This had the effect, not of eliciting aggressio" 
on Zeke’s part, but of eliminating it co™ 
pletely. He now behaved much as did Di 
cringing and fleeing from all, and adopted th 
tactic of sitting in the corner of the cage 4” 
facing the wall. a 
In contrast to the other two operato 
animals, Riva did not fall in dominance ^. 
any time during the two-month postoperativ" 
period. Manipulations of cage space and foo 
deprivation up to 72 hr. were effective 0? 
in increasing Riva's aggressiveness. t 


depicted in Figure 3. 


AMYGDALECTOMY AND SOCIAL BEHAVIOR 


Individual-Cage Behavior 


The —- 
E. nop aped significantly better than 
of the oaker 95, p < .01) on the ranking 
ior in esee qid to their aggressive 
individual e in ividual cages during the first 
negativel Cage period. This order correlated 
EU Co = —.595; p = .16) with the 
; arrangement that developed in 
cage Poma. d. In subsequent individual- 
able 1 sis e rating scheme described in 
of the last B Figure 4 shows the mean 
a "i preoperative and postopera- 
of a typic » each animal. The mean scores 
the same e nonoperated control, obtained at 
o En are included for comparison. 
Operative E Separate the pre- and post- 
* itney cipe in each case. A Mann- 
2 erences in th test of the significance of the 
Ete were ese comparisons indicates that 
Mong ie = differences in aggressiveness 
CR the oo before surgery. After- 
ase signifi of the operates show an 1m- 
confidence, T t beyond the .01 level of 
shows no co of the unoperated ani- 
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m Wever, i. in social behavior of monkeys. 
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AT e direction and degree of this 

et su. 

ue fe oad all operates, though appearing 

thn, SDpeare dr in the individual-cage situa- 

E ho. ses) i to be less dominant (in two of 

fgg, on to ba the group-cage situation. In 

diye, there is is difference in direction of ef 
vi uniformity of change in the in- 


tarea: 
H e x 5 
R Situation Situation but not in the group- 


dis SVident in Fi 
fis tion en Figure 2, the differences in 
esi Y A REREN of change cannot con- 
e MS. If ya "buted to differences among the 
i 2 Meee in extent of damage to 
€ in oe determined the degree of 
oe ost avior, then Dave should have 
i ue Zeke least; this was not 
nton, It is e group- or individual-cage 
Porat te of th Probable, therefore, that one 

b € discrete structures in the tem- 


Te criti 
€ critical in bringing about the al- 
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terations in aggressiveness. Since the degree of 
change in the group-cage situation, i.e., most 
in Dave and least in Riva, was consistent only 
with the extent of damage to the basolateral 
nuclei, these nuclei may be critical for changes 
in aggressiveness in the group-cage situation 

The differences in direction and degree ot 

H . D 
change were consistent with the social en- 
vironment confronting each operated animal 
after surgery. Upon return to the colony, 
Dave was confronted with aggressive aad 
active Zeke and Riva; he fell in dominance. 
Zeke was confronted with Riva; he too fell 
in dominance. Riva was faced with relatively 
submissive nonaggressive animals such as 
Herby; Riva remained dominant. 

The differences in direction and degree of 
change are also consistent with the length of 
time preoperatively that the dominance- 
submission relationships had existed. Dave, 
who changed immediately after his operation, 
had elicited submissiveness for only six weeks; 
Zeke, who maintained the No. 1 position for 
four days after being returned to the colony 
postoperatively, had elicited submissive re- 
sponses for 10 weeks; while Riva, who did not 
change in status, had elicited submissive re- 
sponses for 16 weeks. 

This study, then, suggests that the pattern 
of social interaction within the group to whi 
it is returned after surgery and the length of 
preoperative time the relationships had ex- 

be as important considerations as 


isted may 
the locus and extent of a lesion in determining 
tion on the social 


the effects of a brain opera 
behavior of a monkey. It is meaningless, 
therefore, to speak of the effect of an operation 
on “emotional behavior," "social behavior," 
and the like, without specifying in detail the 
conditions in which the particular behavior is 
observed. And, unless the effect of an opera- 
tion on behavior is studied in @ variety of 
situations, the findings are at best of limited 


generalizability. 


SUMMARY 
1. Eight young male rhesus monkeys were 
studied in individual and group cages for a 
period of nine months; during this time, the 
three animals that were most dominant in the 


‘ow situation were subjected to bilateral 


amygdalectomy. 
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2. There was found to be a negative rela- 
tionship between aggressiveness in the indi- 
vidual-cage and dominance in the group-cage 
situation before surgery. 

3. After amygdalectomy all animals ap- 
peared more aggressive in the individual-cage 
situation. In the group-cage situation, the 
same animals, in two of three instances, fell 
from top to bottom positions in the hierarchy. 
The third animal suffered no loss in dominance 
and appeared more aggressive in the group 
situation after operation. A 

4. The differences in changes in behavior 
appear to be related to the social environment 
confronting each animal upon return to the 
group after surgery and to the length of time 
the preoperative relationships had existed. 

5. The differences in changes in behavior 
are not related to the differences in extent of 
esions as a whole, though they are consistent 
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with differences in damage to the basolateral 
nuclei of the amygdala. 
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SUB ` mro PII Y * 
eost MEC HANISMS IN EMOTIONAL BEHAVIOR: THE EFFECT 
NENCEPHALIC INJURY UPON THE ACQUISITION AND RE- 


TENTION OF A CONDITIONED 


The i " 
the ap ge concern in recent years with 
tional ae cortical mechanisms in emo- 
attention vive has focused considerable 
Cephalon bas cag portion of the rhinen- 
l Dinsikie pde the amygdaloid nuclei 
ollowing injur eei in affective behavior 
Teported by y i. the amygdala have been 
agreement A Lem investigators, although 
ehavioral pi d he specific character of these 
Unanimous 4 x is somewhat less than 
Ported a a lüver and Bucy (8, 9, 10) re- 
oss of fea minution of aggressiveness and 
after ne eee in untamed monkeys 
anc adjacent removal of the temporal cortex 
ever, Spiegel reg pe structures. How- 
M cats imr el al. (23) observed rage activity 
duod OMEN after destruction of the 
ard and Serra and adjacent structures. 
lively menm ountcastle (3), too, report rela- 
ing [s as rage and savageness appear- 
lesions i reeks after placement of similar 
vold e zt E More recently, however, Ros- 
and Schnei (17), Anand and Brobeck (1, 2); 
find this iner and Kling (19) have failed to 
and cats increased reactivity in dogs, rats, 
[ ene mn rather, a marked docility 
i inencephalie ini these preparations following 
comple ns injury involving the amygda- 

"or the m, 
hese P ae: part, the published reports of 
data on et lous investigators have not included 
mp Mog in behavior obtained from the 
the Drese nt of quantitative techniques. In 
Uti ized i study, such techniques have been 
Atically an attempt to evaluate more syste- 
Te certain aspects of the emotional 
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his report the rhinencephalon. Specifically, 

“quisition describes an investigation of the 
oic and retention of a conditioned 
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Rica Sona in cats with bilateral sur- 
ucl; 00S largely limited to the amygdaloid 
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AVOIDANCE RESPONSE IN CATS 


anp ARTHUR KLING 
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METHOD 
General Procedure 

Twenty-eight adult stock cats, approximately two 
years old at the start of the experiment, served as Ss. 
The experiment was conducted in two phases: the 
first. investigated acquisition, and the second in- 
vestigated retention, of a conditioned avoidance re- 
‘ith lesions of the rhinencephalon. In 
Part I (Acquisition), the 28 cats were divided into three 
groups, of which 13 animals (groups I and H) were 
operated prior to conditioning in order to evaluate the 
effects of the lesions upon acquisition of the avoidance 
response. Group I (10 experimental animals) sustained 
bilateral lesions of amygdaloid nuclei prior to avoidance 
training. Group H (three operated control animals) 
sustained lesions in the hippocampus (wo cats) or 
cingulate cortex (one cat) before avoidance training. 
Group HI (15 unoperated control animals) was trained 
and used as unoperated controls. 

In Part H (Retention), three subgroups were formed 
from the unoperated control animals of group HI in 
Part I of the experiment to test the effect of the lesions 
upon retention of a previously learned avoidance re- 
sponse. Subgroup A (three experimental animals) sus- 
tained bilateral lesions of the amygdaloid nuclei follo 
ing acquisition of the avoidance response. Subgroup B 
(three operated control animals) sustained. bil 
lesions of the orbitofrontal cortex following acquisition 
of the avoidance response. Subgroup C (three unoper- 
ated control animals) acquired the avoidance response 
and served as controls. All three subgroups were tested 
for retention of the avoidance response postoperatively. 
Upon completion of the experiment, the animals were 
| their brains fixed, sectioned, and stainec 
ly the location of the 


sponse in ca 


sacrificed, anc 
in order to verify histological 


lesions. 


Avoidance Conditioning Procedure 


The avoidance response was establi 
animals to a 90 per cent criterion by suc 
sets of 30 trials each. All conditioning trials took place 
ina conventional “double-grill pox” with two cubicle 
chambers (each 24 in. by 24 in. by 16 in.) connected by 
an open doorway (9 in. by 101, in). Each chamber con- 
sisted of a “grill floor,” a heavy glass top and front wall 
to permit observation and illumination o the chamber, 
and an earphone attached to the back wall of the 
chamber for transmission of a clicking noise. 
avoidance conditioning trial consisted of a X y 
presentation of a clicking noise (the conditioned 
stimulus) followed by electric shock (the unconditioned 
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Mic. 1. Ventral view of the brain of a cat with a 
typical rhineneephalic lesion, The lateral extent of each 
lesion is indicated by broken lines. 


stimulus) through the grill floor of the apparatus. 
The clicking noise, sounding 16 times per second, was 
controlled by a switch that operated a synchronous 
motor and a cam to interrupt the circuit between the 
secondary coil of a common doorbell transformer and 
the earphone. Each make and break produced clicking 
noise with sufficiently strong high-frequenc com 
ponents to be audible to the cat. A variac in cascade 
with a power transformer provided an 800-v., 60. 
cycle current for the grill shock. Tests conducted during 
actual operation indicated that the current flow varied 
between 2 and 3 Ma depending upon the quality of 
the cat's contact with the grill and S's resistance. 
Preliminary investigation determined the external 
resistance, voltage, current, and the like that would 
make each animal jump and move about, but that, by 
itself, would not produce violent muscular contractions 
of a tetanic character. Under the conditions of the 
experiment, shock magnitude varied around a value of 
approximately 3.5 Ma., with a range of from 2 Ma. to 
approximately 6 Ma. in different animals 

The avoidance r sponse consisted of the animal's 
passage through the open doorway to the opposite side 
of the hox during the 30-sec conditioned-stimulus in 
terval, thus terminating the clicker and preventing the 
shock. Failure to make the avoidance response within 
the 30-sec conditioned-stimulus interval resulted in 
onset of the grid shock, which continued until the 
animal eseaped to the opposite side, terminating both 
clicker and shock Thirty such conditioning trials were 
administered during the d ily Ihr. training periods, 
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the interval between cach trial being varied randomly 
between 20 sec. and 5 min. (average intertrial interval, 
approximately 90 sec.). Spontaneous onses made 
in the absence of the conditioned clic er stimulus dur- 
ing the intertrial interval were punished by a grill 
hock of the same magnitude used as the unconditioned 
stimulus, 

In Part I of the experiment (Acquisition), 
training was begun sever; weeks after placement of 
ions. This was deemed advisable in order to insure 
maximal recovery from the immediate surgical and 
early postoperative effects, as well as to permit extended 
observation of gross c! anges in the animals’ behavior 
independent of any conditioning procedure, Each an- 
imal received successive daily sets of 30 training trials 
until a criterion of 90 per cent conditioned avoidance 
responses on any single set of 30 trials w reached. 
In Part I of the experiment (Retention), all animals 
received 10 sets of daily training trials (300 trials) 
preoperatively, were operated within a few days aller 
the last set of training trials, and were tested fon whe 
tention of the responses within two weeks after opera 
tion by 5 sets of daily trials (150 trials). 


ivoidance 


Operative Procedure 

All surgery was performed aseptically in one sag 
under Nembutal anesth In the experiment 
animals, large bilateral temporal bone flaps ps 
ed through an extensive mid-line incision. TUS 
dura was incised in an elliptical fashion, bringing ini 
view the entire lateral surface of the temporal lobe = 
the posterior aspect of the lateral orbitofrontal cortex: 
With gentle retraction of the temporal lobe, the 
factory. stalk, middle cerebral artery, rostral pyriform 
cortex, and rhinal sulcus were v sualized. T 

Figure 1 shows a ventral view of the brain of a ihi 
with a typical rhinencephalic lesion, the extent of t 
lesions being indicated by the broken lines. Les 4 
were made by aspiration. G suction tips o! a 
propriate curvature, bore, and design were introduce 
and careful aspiration of that part of the p riforma Io l. 
containing the amygdaloid complex was accomplis ae 
The were designed to extend rostrally t9 
level at which the paleocortex is crossed by the j- 
cerebral artery, Care was taken to avoid undue manipis 
lation of, or injury to, these ve In progre 


ol- 


sions 


ons 


middle 


y : e : tan} sulcus 

caudally with the resection, utilizing the rhinal jet 5 

and its els as the lateral bound: ry, the optic tissue 
iss 


were identified, and all adjacent paleocortical hip- 
was aspirated. In uncovering the optic tracts, the ie i 
pocampal tips were carefully exposed and avoit " 
This permitted carrying the resection further cau‘ j^ 
and medially to ablate the posterior extension O 
amygdala and pyriform cortex. After satisfa im 
homeostasis v obtained, the dura and bone ty 
were replaced. Interrupted silk sutures were un ard 
approximate deep tissue layers. The wound edge E 
opposed, utilizing a continuous silk suture place d 
the subcuticular layers of the skin, In those oo s 
sustaining bilateral lesions of the orbitofrontal pn? 
the cingulate cortex, and the hippocampus. à 5! 
surgical technique was employed ] 

In the immediate postoperative period. 
saline and antibiotics were administered pare 
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normal 
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SUBCORTICAL MECHANISMS IN EMOTIONAL BEHAVIOR 


Fig, 2, 


levels 
p els throu 


art 


Photographs of sections taken at various 
igh the brain of cat B54 from group Iin 
the experiment. Section -1—immediately 
a i eel re Sections B and C—through the 
tudal aspect R the lesions; Section D—through the 
UXlent of M the lesions. Diagrams E and F illustrate 
*slons in Sections B and C, respectively. 

left qe heavy solid lines represent lesions 
* lippled areas below heavy broken 
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tre as nt lesions on the right side. Abbreviations 
5. follow: 


Sentral me B basal amygdaloid nuclei, c- 
Mtopedun Myg aloid nuclei, CL--claustrum, — £— 
lidus, ncular nucleus, F--fornix, G—globus pal- 
Nuclei, A internal capsule, L— lateral amygdaloid 
Chiasm, > medial amygdaloid nuclei, OC— optic 


» OT- ‘ i 3 
OT optic tract, PT—putamen, R —rhinal 
ventricle, 
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«rink Vol ; time as the animals were able to eat and 

Meat and they received daily spoon feeding of 
Were given milk via gastric gavage. 
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Fic. 3. Photographs of sections taken at various 
levels through the brain of cat PB2 from subgroup B in 
Part II of the experiment. Section A—immediately 
rostral to the lesions; Sections B and C—through the 
greatest extent of the lesions; Section D—through the 
caudal aspect of the lesions. Diagrams E and F il- 
lustrate extent of lesions in Sections B and C respec- 
tively. Stippled areas below heav olid lines represent 
lesions on the left side. Stippled areas below heavy 
broken lines represent lesions on the right side. Ab- 
breviations are as follows: «—anterior commissure, 
CL—claustrum, /C— internal. capsule, VC—caudate 
nucleus, R—rhinal sulcus, V— ventricle. 


A B 

; 4. Photographs of sections ken through the 
ed control animals from group 11 
A photograph taken 
on 


ri 
brains of two operat 
in Part I of the experiment. 
through the greatest extent of the hippocampal le 
in cat B32. B photograph taken through the greatest 
extent of the cingulate lesion in cat B24. 


RESULTS 
General Observations 


Each of the 13 experimental animals in 
Parts I and H of the experiment sustained 
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THE EFFECT OF RHINENCEPHALIC INJURY ON THE 
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[Fic. 5. The effect of rhinencephalic injury on the 
acquisition of a conditioned avoidance response 


extensive bilateral injury of the amygdaloid 
nuclei and overlying pyriform cortex (Figs. 1 
and 2). A more detailed account of the ana- 
tomical findings in these preparations, as well 
as a more extensive description of the be- 
havioral observations made on these cats, has 
appeared in a previously published report (19). 
In brief, the salient features of these gross be- 
havioral alterations following rhinencephalic 
injury may be summarized as follows. 

In the immediate postoperative period 
(first week), the animals appeared lethargic 
and unresponsive, reacting passively to 
handling and forced-feeding routines. Within 
two to three weeks, however, further be- 
havioral changes occurred, which persisted 
for the duration of the several months’ ob- 
servation and training period. This modified 
behavior, the salient components of which 
appeared to be closely interrelated, appearing 
either simultaneously or in rapid succession, 
included increased motor activity in response 
to visual stimuli, exaggerated oral and vocal 
behavior, relative docility, and a state of 
marked hypersexuality. None of these changes 
was observed in either the operated or non- 
operated control animals. A cinematographic 
record was prepared in conjunction with these 
experiments to illustrate the character of these 
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gross behavioral changes following paleocor- 
tical injury (18). 

Each of the three operated control animals 
in Part II of the experiment sustained bilateral 
extirpation of the rostroventral aspects of the 
cerebral hemispheres (Fig. 3). The extent of 
the injury in these preparations included the 
orbital and proreus gyri, together with the 
rostral rhinencephalon, adjacent portions © 
the claustrum, anterior commissure, and 
large ventral part of the internal capsule o 
each side. Since the corticipetal outflow 9 
the thalamic dorsomedial nucleus is trans 
mitted through this obliterated segment ta 
the internal capsule (5, 15), it appears like y 
that any remaining cortical projection field o 
this nucleus was functionally isolated. -— 
tical regions lateral and posterior to the see 
of termination of the dorsomedial nuc s 
were included in the lesions of this ym 
group because of previously reported acci 
ments in learning and retention following suc 
injury in experimental animals (7)- 


- k T ed 
Effects on the Acquisition of the Conditioned 


Avoidance Response 


Figure 5 shows the number of trials required 
for each of the 28 animals in Part I to reach 
the 90 per cent conditioned avoidance Cte: 
rion. By training trial 210, all 18 operated anc 
nonoperated control animals (groups II an 
III) had acquired the avoidance respo = 
the criterion level. Only two of the ten >“ 
perimental animals (group I), however, Das 
reached the 90 per cent criterion level by irm 
210. This difference in rate of acquisition © 
the conditioned avoidance response between 
the experimental amygdalectomized animals 
(group I) on the one hand, and the operatec 
and nonoperated control animals (groups 
and III) on the other, is highly significant 
by Fisher's (6) exact 2 X 2 test (p < -01). Rhi- 
nencephalic injury appears to have markedly 
impaired acquisition of the avoidance re 
sponse in the experimental animals. TN 

Gross behavioral observations made during 
the course of avoidance conditioning M dw 
I of the experiment revealed other rather stri 
ing differences between the experimen 
amygdalectomized cats and both the opera E 
end nonoperated control animals. The non » 
control cats, in the early stages of avoidanc 


nsi’ to 


eR n 


oO. m 
———S ——— — 
[z) 


SU "TES " 
UBCORTICAL MECHANISMS IN EMOTIONAL BEHAVIOR 


learni : 
me eyes considerable “emotional” 
ditioned c eg with the onset of the con- 
lization up us. Defecation, urination, vo- 
occurred ae piloerection almost inevitably 
interval after ag the conditioned stimulus 
Diir to the he first few conditioning trials 
response. x posee learning the avoidance 
Sbonse bo. = conditioned avoidance re- 
Se Kittens a : in frequency, however, 
mals’ react ic accompaniments of the ani- 
invariably fade to the conditioned stimulus 
at such is ed from the picture. It is striking 
stimulus v actions to the conditioned clicker 
E aia rarely, if ever, observed in the 
m deni mapu animals oper- 
one sy o avoidance training, although 
Pairment ae preparations showed any im- 
bs the unconditioned escape response 

hock stimulus. 


Efe, 
p the Retention of the Conditioned 
. (nce Response 
i 
Sure 6 shows t 
d ras he mean percentage of 
A) main for the experimental 
siepe ti control (subgroup B), 
torn oth the control animals (subgroup 
N, Cance trials pre- and postoperative sets of 
fo, Enific In Part II of the experiment 
Oups ant differe pene 
Quisi Appears nce between the three 
Denice trials, E^ the 300 preoperative ac- 
the x al Eye RON neither the 
Nopera ter or pier (subgroup A) 
hy signin rol animals (subgroup 
ani Oper, Bvdidines s decrement in re- 
tial trials ce response on the 150 
eed ps bgroup mw operated control 
lisi: however, which sus- 
^g 3), faile of the orbitofrontal 
s No, avoidance either to retain or 
ring Si De of thes response postopera- 
NN. iti se latter preparations 
ies firs 0 Oned avoidance response 
lon, twee Postoperative trials. The 
re, d n the 
z mean percentage of 
responses on the last 


n of 


Peragj idan 

. e iri 
i tials Pena and the first 30 post- 
dig, Y Sip tized le operated control fron- 
Choe Uh cs (subgroup B) is 
een es -01). In addition, the 
Voidanc € mean percentage of 
ve tri 5 responses on the first, 
als for the operated con- 


os êd a 
Perat 


183 


THE EFFECT OF RHINENCE! 
PHALIC 1 
RETENTION OF A CONDITIONED AVOIDANCE RESPONSE 
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Fic. 6. The effect of rhinencephalic injury on the 
retention of a conditioned avoidance response 


trol frontal animals (subgroup B) and both 


the experimental amygdalectomized animals 
(subgroup A) and the nonoperated control 
animals (subgroup C) is also highly signifi- 


cant (p € 01). 
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frontal preparations evidenced considerable 
autonomic disturbance in their responses to 
presentation of the conditioned stimulus in the 
early stages of the conditioning procedure. In- 
deed, defecation, urination, piloerection, and 
vocalization in response to presentation of the 
conditioned stimulus continued to appear 
throughout the course of the 150 postoperative 
retraining trials given these animals, and un- 
conditioned escape responses to the shock 
stimulus were elicited on each trial. Figure 6 
indicates quite clearly, however, that not a 
single avoidance response was recorded 
throughout this period. 


DISCUSSION 


The results of these experiments indicate 
quite clearly that rhinencephalic injury in the 
cat, largely restricted to the amygdaloid nu- 
clei, can affect differentially the acquisition 
and retention of a conditioned avoidance 
response. The experimental amygdalectomized 
animals (group I) operated prior to avoidance 
training in Part I of the experiment showed a 
significant impairment in the rate of acquisi- 
tion of the avoidance response that was not 
apparent in either operated (group II) or 
nonoperated control animals (group III). The 
experimental amygdalectomized animals (sub- 
group À) operated following avoidance train- 
ing in Part II of the experiment, however, 
showed no deficit in retention of the avoidance 
response. These findings, plus the fact that 
the amygdalectomized animals in Part I of 
the experiment did ultimately learn the avoid- 
ance response, if somewhat more slowly, sug- 
gest that the amygdaloid nuclei may play a 
facilitative role in the acquisition of such an 
avoidance response, but that these nuclei do 
not appear to constitute a necessary condition 
for either acquisition or retention of such 
avoidance behavior. 

This facilitative function of the amygdaloid 
nuclei in the acquisition of a conditioned avoid- 
ance response suggests interesting implications 
for theoretical formulations of avoidance 
learning when considered in the light of more 
recent efforts to define the role of the rhinen- 
cephalon and the "visceral brain" in affective 
expression (11, 16). The "anxiety" or “fear- 
reduction" hypothesis, currently associated 
with theoretical accounts of the acquisition 
of avoidance responses (12, 14), could be ex- 
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pected to find some support in the results of 
these experiments, if the assumption of a cor- 
relation between the neural structures mm- 
jured in these experiments and emotional 
expressions of “fear” or "anxiety" is justified. 
Indeed, such an extrapolation of the present 
data appears quite consistent with previously 
reported observations on the same animals 
(19). Schreiner and Kling report that these 
same preparations "failed to exhibit fear, 
escape activity, or normal defensive an 
aggressive behavior when placed in unre 
stricted association with unfriendly animals 
of other species (mice, agoutis, dogs, 8n 
monkeys)" (p.648). Further, these anto 
state that the amygdalectomized anima" 
“displayed elevated thresholds for the s 
tion of anger" (p. 648). Then, too, the we 
vation reported above, relative to the rat T 
marked deficit in autonomic responsivity foun à 
in the amygdalectomized animals in the "- 
sence of any impairment of the uncondition™ a 
escape response during the course of ase 
conditioning, is consistent with such à form Jj 
lation. It might be predicted from the ps 
reduction" hypothesis relative to the motiv 
tional aspects of avoidance learning that su F 
animals, deprived of normal affective func 
tioning, would show some impairment 
avoidance learning. j 

Experiments conducted by Solomon one 
Wynne (21) during the past few years, 
tigating avoidance conditioning in dogs 7, 
deficient autonomic functioning as à result y 
surgical and pharmacological sympathecto™ i: 
provide corroborative data on the role o 
presumed neural correlates of "fear" m 
“anxiety” in avoidance behavior. h 
authors report a similar impairment of 2 
ance learning following sympathectomy la- 
their experimental animals. Recent formt a 
tions of the relationship of the “vis¢ eh 
brain” (including the amygdaloid nucle! 
autonomic function (11) make the relever 
of these latter findings to the present, da e 
and to theoretical formulations of avoida? 
learning, obvious. 

The viewpoint that "fear" or, 
reduction" plays a central motivation nce 
in the maintenance or retention of avo! "red 
behavior once the response has been pace : 
(4, 14), however, will find little Suppe ri 
the results of the present experimen’ 
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AM the amygdaloid nuclei produces some 
strate ear? the animals ability to demon- 
results of thi or “ence e indeed the 
19) seem to aa and previous experiments (18, 
in Part IT of ilem the results obtained 
DE tnoairmant : experiment, indicating that 
response eh of retention of the avoidance 
sions er ge the production of such 
5 hypothe -appear to be inconsistent with 
central ae that fear reduction" plays a 
o te mS role in the maintenance 
mulation of ^s havior. A more plausible for- 
consiste e avoidance-conditioning situa- 
ell as with nt with the present findings as 
of such Ee reported observations 
nd other als with rhinencephalic injury 
Visualize th Dd deficiencies, would 
avoidance be acquisition and maintenance of 
lwo-broces, ehavior from the viewpoint of a 
deed, the learning theory (13, 20, 22). In- 
Strongly Age findings suggest quite 
Conditionin at both classical or respondent 
Conditionine and instrumental or operant 
leaming g may play a role in avoidance 
classica] under normal circumstances, with 
ii nditioning providing at least a 
: ithin LE not necessary, condition. 
Stmulation e framework of such a two-factor 
Ocess, the of the avoidance-conditioning 
Control $ results obtained with the operated 
Stoup rontal lobectomized animals (sub- 
Provide E Part II of the experiment may 
Correlate E suggestion relevant to the neural 
‘Sects of or the instrumental or operant 
animals 3 arm behavior. It is clear that 
a Mplete p such lesions show virtually @ 
m lance a of the previously conditioned 
rel tions E oges after operation. The 
bee and r er which such animals may 
z t clear fr etain such a response are not as 
Xperj om these data, however, although 
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the presentation of a 30-sec. conditioned clicker 
stimulus, thus terminating the clicker and 
preventing the shock which followed the 
failure to respond within the 30-sec. interval. 

1. In Part I of the experiment (Acquisition ) 
28 adult stock cats were divided into three 
groups. Group I (ten animals) sustained bi- 
lateral lesions of the amygdaloid complex 
prior to avoidance training. Group II (three 
animals) sustained lesions in the hippocampus 
(two cats) or cingulate cortex (one cat) prior to 
avoidance training. Group III (15 animals) 
was trained, and served as unoperated con- 
trols. The avoidance response was established 
in all animals to a 90 per cent criterion by 
successive daily postoperative sets of 30 trials 
each. The amygdalectomized animals (group 
I) required significantly more training trials 
to reach criterion than either the operated 
(group II) or unoperated (group III) control 
animals. 

2. In Part II of the experiment (Retention), 
three subgroups Were formed from the un- 
operated control animals (group III) of Part 
I of the experiment. Subgroup A (three ani- 
mals) sustained bilateral lesions of the amyg- 
daloid nuclei, and subgroup B (three animals) 
was subjected to bilateral lesions of the orbito- 
frontal cortex following acquisition of the 
avoidance response. Subgroup C (three ani- 
mals) served as unoperated controls. Post- 
operative tests in all three subgroups revealed 


no significant decrement in retention of the 


avoidance response in either the amygdalec- 


tomized cats (subgroup A) or the unoperated 
control cats (subgroup C). In contrast, cats 
with lesions of the orbitofrontal cortex (sub- 
group B) showed no retention of the avoid- 
ance response even after 150 retraining trials. 

3. Upon completion of the experiments, 
the animals were sacrificed, and the lesions 
reconstructed histologically- , 

4. The implications O these findings for 
theoretical formulations of avoidance learning 


have been discussed. 
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Spied is the second in a series dealing 
poral op of partial ablations of the tem- 
ance, Beitr visual discrimination perform- 
emonstrated of the initial experiment (5) 
Visual discri that marked impairment on 
lesions ape may be produced by 
ing the hi ited to the ventral portions, includ- 
On the rens formation and the cortex 
lesions of ne surface, as compared with 
Present iny lateral portions of the lobe. The 
Urther the Le was designed to delimit 
SatY to pro "o and extent of damage neces- 
ance, To um gross decrement in perform- 
ists ie. comparisons were made of 
emporal cort separate ablations of ventral 
tion. ex and of the hippocampal for- 
E EENE a 
iei ind aim of the experiment was to 
degree of Nida or not the occurrence and 
test diffic oe vary directly as a function of 
telationshin ty. Evidence suggesting such a 
study. P Was presented in the earlier 
Clusive TA the results were not con- 
Peareq as e the postoperative deficits ap- 
Wence in € related also to the particular se- 
In the which the tests were administered. 
quence pee experiment, therefore, the se- 
Otder to of presentation was controlled, in 
test di Permit an evaluation of the effects of 
culty per se. 
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three operate groups and subdivided into two training 
groups. 


Surgical Procedures 


Animals were anesthetized with sodium amytal 
(0.6 cc. per kg. body weight) injected intraperitoneally. 
The temporal bone was removed and the dura incised 
over the lateral surface of the temporal lobe. For 
those animals that were to receive ablations of the 
anterior portions of the lobe, the zygoma was removed 
in order to expose the pole; for all other operates 
anastomotic veins were coagulated and severed at 
their entrance into the lateral sinus to permit exposure 
of the ventral surface. Cortex was removed by subpial 
aspiration with a small-gauge sucker. Symmetrical 
bilateral operations were performed in two stages, 
left hemisphere first, with two to three weeks separating 
the unilateral removals. 

Ventral surface lesions. An attempt was made to 
resect the inferior temporal, fusiform, and posterior 
hippocampal gyri in animals VT-1,-2, and-3. 

Hippocam pectomies. Resection of the hippocampal 
formation was attempted through an incision in the 
inferior convolution in animals H-1 and H-2, and via the 
amygdaloid complex in animal HA. 

Control lesions. Resections that controlled for the 
incidental damage associated with the hippocampec- 
tomy procedures were performed on animals HC and 
HAC. In HC, the control for H-1 and H-2, a scalpel 
incision was made in the inferior convolution and 
extended into the temporal horn of the lateral ven- 
tricle; but the hippocampal formation itself, visible 
in the floor of the ventricle, was not resected. In HAC, 
the control for HA, the periamygdaloid cortex and 
amygdala were resected, but the hippocampal forma- 
tion, visible posteriorly, was left intact. In order to 
control also for extent of lesion in the H and VT 
operates, the resection in HAC was extended to in- 
clude the lateral polar cortex and the superior temporal 
convolution including the supratemporal plane. 


Tests 

Tests included the direct method of delayed re- 
sponse with a sliding panel interposed during delay, 
and five visual discriminations, the paired discriminanda 
consisting of: (a) an inverted and an erect equilateral 
triangle, each.with an area of 2 sq. in. and painted flat 
black on yellow backgrounds; (b) a cut-out circle and 
a cut-out square, both of wood J£ in. in height and 
4 sq. in. in top surface area, painted flat black and 
mounted on yellow backgrounds; (c) four horizontal 
stripes and a ‘diamond, each covering an area of 3 sq. 
in., painted flat black on white backgrounds; (d) red 
(RT-1) and green (GT-1) Color-Aid papers (Color-Aid 
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Company, New York, N. Y.); and (e) light gray (Gray 
3) and dark gray (Gray 6) Color-Aid papers. 

Preoperatively, animals were trained on delayed 
response at O-, 5-, and 10-sec. delays presented in 
succession; postoperatively, only the 10-sec. interval 
was used. 

On the first discrimination, the inverted triangle 
was the rewarded stimulus for all animals. On the 
last four discriminations, however, the first stimulus 
of each pair was made positive for four of the animals 
(VT-2, H-1, H-2, HC) and negative for the other four. 
This procedure was adopted to determine whether or 
not the rapid preoperative learning of these tasks in 
the previous study (5), in which the rewarded stimuli 
were the same for all animals, could have been due to 
an initial preference for the positive discriminanda. . 

The experiments were conducted in an air-con- 
ditioned, soundproof room. The testing cage faced a 
sliding panel which, when raised, disclosed two rec- 
tangular cups spaced 12 in. apart. Each cup was 
covered by a 3-in. by 4-in. plaque—unpainted for 
delayed response, painted as background for the black 
patterns, and entirely covered by the papers—which 
the animals learned to displace to obtain the concealed 
reward. A one-way-vision screen separated the animal 
from E. Daily testing sessions consisted of 30 trials a 
day with left and right cups baited in a predetermined 
balanced order. The noncorrection technique was em- 
ployed, and no punishment, other than withholding the 
peanut reward, was given for errors. 

In addition to the delayed response and visual 
discrimination tasks, other procedures were used for 
evaluating changes in extent of visual field, visual 
acuity, and reactions to food vs. nonfood and aversive 
vs. indifferent stimuli. These informal tests, involving 
no special training, have been described by Chow (3) 
and were outlined in the previous paper of this series. 


Training Schedule 


Preoperatively, all animals were trained to a 
criterion of 90 correct in 100 consecutive trials on 
delayed response, inverted-erect triangle, circle-square, 
stripes-diamond, red-green, and light gray-dark gray, 
in succession. Two weeks postoperatively, this order of 
presentation was maintained the same for four animals— 
VT-2, VT-3, H-2, and HA—and reversed for four— 
VT-1, H-1, HC, and HAC. The two training groups 
will be designated group S and group R, respectively. 

Determinations of extent of visual field, visual 
acuity, and reactions to inedible and aversive objects 
were made in one daily session before operation. These 
tests were then repeated once after the unilateral 
removals, once within the first two weeks following the 
contralateral removals, and at semimonthly intervals 
thereafter. 


Anatomical Procedures 


Upon completion of the behavioral observations, the 
animals were sacrificed, their brains imbedded in 
celloidin, and the blocks serially sectioned at 25 my. 
Every twentieth section was stained with aniline 
thionin and every fourth stained section was used to 
reconstruct the lesions. The thalami, as well as the 
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structures surrounding the ablation, were examined | 


microscopically for evidence of damage or degeneration. 
Reconstructions of the lesions and representative 
cross sections are presented in Figure 1. The operative 
results on two animals, HC and H-2, show considerable 
deviation from the intended removals. In both cases, 
in addition to deep incisions through the inferior 
convolution, large portions of ventral cortex are 
ablated bilaterally; and in HC, the làteral corse 
the left hemisphere is extensively damaged, apparen Y 
as a result of postoperative dural adhesions. T! 
resections performed on the six other animals, however 
conform in general to the experimental plan. Relatively 


A e 
minor deviations may be noted: slight damage to ™ n 


posterior portion of the hippocampal formation in 


the left hemisphere of VT-1 (see Table 1); bist 
sparing of the posterior portion of the hippocampi 
gyrus in VT-2; invasion of ventral occipital cor E 
bilaterally in VT-2 and in the right hemisphere it 
VT-3; ablation of the right hippocampal gyrA rpa 
sparing of the posterior portion of the left hippoc 
formation in HA; and incomplete destruction © 
amygdaloid complex in HAC. . are 
n k thalamic degeneration findings ri 
given in Table 1. Whereas the extensive H-2 i5 


involvement of the lateral geniculate bodies a cells j 


due in part to direct damage, gliosis and fading í 
in the ventrolateral horn, found also in VT-3 an ortion 
appear to be the result of damage to the ventral p! edial 
of the optic radiations. Degeneration in bt one 
geniculate bodies is present only in HAC, e. 
operate with a lesion of the supratemporal plane in 
contrast to these isolated instances of genion all 
volvement, pulvinar degeneration is foun damag? 
animals. The six operates with ventral surface “ation 
or with incisions through the inferior COD NM f 
VT-1, -2, -3; H-1, -2; and HC, have degeneration ; 
posteroventral portion of n. pulvinaris laterals; 

the majority of these animals have degeneration Ls 

the ventral portion of n. pulvinaris inferior. sterio 
two remaining operates, HA and HAC, the P as 
tip of n. pulvinaris medialis is involved, probes of 
result of lateral polar resections (2). These fin ^ thos’ 
retrograde degeneration agree in detail w! 
reported for baboons (5). 


RESULTS 
Informal Tests 


an the 

Transient visual field defects opposite ki 

side of lesion were found in HC an@ jn 

following the unilateral operation, and aE 
in H-2 after the contralateral oper? 

Animal H-2's transient partial anops!4 -op 

account for the indiscriminate examina fof 


of food and nonfood that it exhibited e 


nearly two months following the secon’. jj - 


moval. No other operates shuwed visu? noe 

or acuity changes, or failure on the foo 

food discrimination. the pol? 
The two animals with ablations of 


Ig. 
. Sponge: L Rec i f 
e ding emip, uctions of lesions. The ventral view is bounded on each side by the lateral view of the corre- 
lesig constructs ere. Four representative cross sections numbered according to serial position are shown below 
icate Ace, for each animal. In the reconstructions black indicates lesion; dashed lines in the vicinity of 
P damage. In the sections black indicates intact cortex. 
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TABLE 1 


Extent of Damage to Amygdaloid Complex and 
Hippocampus and Extent of Retrograde 
Degeneration in Geniculate Bodies 
and Pulvinar 
anas | ame, | ac | mr | 46 [>te] pe | pr | ma 
VT-1 rt. — =S — 

It. —|[L|—|—|?|—|— 
VT-2 rt. = j= |= |=| S rf |= 
lt. = =| 5 — 
VT-3 rt. —|-—1|S$ [|S [ni- 
It. —|—lIS|—|[S]|S |— 
H-l rt. ? |C |—]—j|s J? |— 
lt. —]|C]|—]|=/? |S J— 
HA rt, C|c|—|—|—|—I|s 
It. c/s }—/—/]}—|;—I/s 
HAC rt. L|—|—c|S|—|—|s 
It. L|—|—|S|—|—|? 
HC rt. —(F LS |-—l|rLnL]|? |l 
It. —|—|IL|—|S|s|— 
H-2 Te EC |C JL (i |= 
It. PC |L |=| Is |= 


Note: AC, amygdaloid complex; HF, hippocampal formation; 
LG, lateral geniculate bodies; MG, medial geniculate bodies; PL, 
n. pulvinaris lateralis; PI, n. pulvinaris inferior; PM, n. pulvinaris 
medialis; a, anterior; p, posterior; pv, posteroventral; v, ventral. 
Extent of damage and of degeneration is indicated as follows: C, 
almost complete; L, large; S, small; ?, small doubtful; —, none. 


TABLE 2 
Visual Spatial Delayed Response 

PREOPERATIVE POSTOPERATIVE 
ANIMAL GROUP 

Trials | Errors Trials | Errors 
VT-1 R 290 69 20 5 
VT-2 S 130 32 0 0 
VT-3 S 740 240 330 68 
H-1 R 350 85 50 11 
HA S 170 40 140 47 
HAC R 200 57 50 24 
HC R 210 60 0 0 
H-2 S 200 57 50 24 


Note: Scores are trials and errors preceding 90 correct choices 
in 100 consecutive trials. Preoperative trials and errors at 0-, 
5-, and 10-sec. delays are combined into one total score, whereas 
postoperative trials and errors are for the 10-sec. delay. 


and amygdaloid complex showed gross altera- 
tions in their responses to previously aversive 
stimuli. Trainer's gloves and net not only 
failed to evoke avoidance reactions, but fre- 
quently elicited manual and oral examination 
instead. The behavior of animal HAC, in 
which the destruction of the amygdaloid com- 
plex was incomplete, reverted to normal 
within the first few postoperative weeks; in 
animal HA, however, these behavioral altera- 
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tions persisted until it was sacrificed five 
months after operation. 


Delayed Response 


Results for delayed response are given in 
Table 2. Retention tests were conducted at 
only the 10-sec. interval; nevertheless, all 
eight operates attained criterion in less than 
the total number of trials and errors they 1€ 
quired preoperatively. Whereas there was nO 
consistent relationship between rate of re 
learning and locus of lesion, the pep 
(group R) that received delayed response à 
the last postoperative test generally hag 
greater saving than those (group S) that re 
ceived delayed response first. 


Visual Discriminations 


Lesions. Results for the three pattern Oe 
criminations are shown in Table 3 and t ay 
for the red-green and light gray-dark re 
discriminations are given in Table 4. t be 
scores obtained by HC and H-2 canno pe 
used for the evaluation of the effects of > n- 
tive damage since both animals had uni? » 
tionally extensive ablations (see icq) 
Procedures). Rated in terms of degree of Wi 
pairment (measured as the absolute died 
between postoperative and preopet® ad 
scores), these two operates rank fret. ht. 
third, respectively, in the series of in 
Both failed to relearn or were retarded EY d 
trials in relearning each of the three pê H2 
discriminations. In addition, operate "ic 
showed a 400 to 500 trial deficit on the “|, 
ferential reactions to red and green aP 
light gray and dark gray. ining 

Comparisons among the six rem? a 
animals indicate that the three with eet 
surface ablations (VT-1, -2, and -3) sho 3 
greater impairment than the three wit Bb 
sions elsewhere in the temporal lobes 
HA, and HAC). Thus, within training s 
R, animal VT-1 failed both the inverted? 
triangle and circle-square discriminations " 
was retarded by more than 600 trials Pi p. 
learning the stripes-diamond discriminis ods 
Operates H-1 and HAC, on the other 
relearned these tasks with deficits no » 
than 150 trials, and in the case of the EE gs ip 
erect triangle discrimination, with 58V oup ?! 
terms of errors. Similarly, in training 80 $ed 


uL 
VT-2 failed in 1,000 trials and VT-3 red 


up 


grea j. 
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TABLE 3 
Visual Discriminations: Patterns 
INVERTED TRIANGLE-ERECT 
A TRIANGLE CIRCLE-SQUARE STRIPES-DIAMOND 
ANIMAL GROUP 
Pre Post Pre Post Pre Post 
E xl- T E T E T E T E |T| E T E 
VT-1 
VT2 g 240 | (89) | 1000 | (399) | 150 (79) | 1000 | (398) | 80 (26) | 740 | (53) 
VT3 200 | (100) | 1000 | (502) | 60 (20) | 370 | (106) | 10 (9) 0 (0) 
H-1 S 200 | (104) | 890 | (368) | 200 (97) | 370 | (112) | 0 (0) 10 (5) 
HA R 210| (98) | 220} (49) | 50 (16) | 200 | (42) | 10 (6) | 140| (44) 
HAC S 350 | (146) | 240 | (54) | 180 | (74) | 40 (| 0| (0) o| (0 
HC R 160 | (76) | 170| (40) | 150 (69) | 220| (87) | 80 (35) | 110 | (54) 
H2 R 270 | (122) | 1000 | (253) | 80 (21) | 680 | (228) | 0 (0) | 540 | (219) 
S 560 | (259) | 1000 | (492) | 100 (44) | 1000 | (456) | 20 (12) | 1000 | (475) 


Note 

Note: Score " 

Attain the cited are trials and errors preceding 90 correct choices in 
ion within the limits of training. Pre = preoperative; 


Visual Disen TABLE 4 
Discriminations: Hue and Shades of Gray 
ANDA RED-GREEN | LIGHT GRAY-DARK GRAY 
L 
& | Bre Post Pre Post 
mE E Tp x rE |?) = 
-l — — Sr 
VT 3 9 ©) o| (5 Boen | 10] (4) 
vrs |$ [9 0| o @ |o @ | 0| © 
H-1 R 0 ©); 0| (0) 10 (4) ol (0) 
HA S E (0) 0| (0) | 0, (0) 0 (0) 
Hac |$ |0 (0| o, 0 | 0 © 
Bc | R {9 ) o ©) 1G ^9 (9 
H2 |g 0 (0| o (0 o5 | 0| (0) 
N 0| (0)|530 (258) | 0| (0) |400\(171) 
y, Note: s, l 
M Cores are trials and errors preceding 90 correct choices 


ative, posecuti h 
GTa rales trials. Pre = preoperative; Post = postoper- 
5; E = errors (in parentheses). 


almo. 

triangle ao trials to relearn the inverted-erect 

00 to 3 iscrimination; both were retarded by 

“factions 0 trials in relearning the differential 
n. to circle and square; in contrast, 

Savings ned criterion on these tasks with 

Opera: 9f more than 100 trials over its pre- 

We scores, 


equen, 
lect. ce of presentation. Analysis of the 


Ho edures iier in postoperative training 
in © order of ows that reversing the preopera- 
in Seater oe resulted consistently 
ms Segi pairment on tasks intermediate 
on an [y (circle-square, stripes-dia- 
de is id maintaining the preoperative 
fag rates, (Lj ee due ventral-temporal 

leq e animal in group R (VT-1) 


. Com 
mina E ud to relearn the pattern dis- 
at both group S animals (VT-2, 


A score of 1000 trials denotes failure to 


100 consecutive trials. 
T = trials; E = errors (in parentheses). 


Post = postoperative; 


VT-3) relearned with deficits; and it was 
severely retarded in relearning the pattern 
discrimination that both group S animals re- 
tained. Similarly, among the three operates 
without ventral-temporal ablations, both ani- 
mals in group R (H-1, HAC) were slightly 
retarded in relearning pattern discriminations 
that the animal in group S (HA) relearned 
with considerable saving. 

Tests. The preceding comparisons between 
lesion groups and between training groups are 
based on the data for the three pattern dis- 
criminations only. Scores for the red-green? 
and light gray-dark gray discriminations do 
not differentiate among the groups since all 
but one operate showed complete retention on 
both. The occurrence and degree of deficit 
were thus observed to vary with the particular 
task employed, irrespective of the effects of 
operations or training schedules. 

If the five discriminations are ranked in 
terms of the range of trials required by the 
eight animals to attain criterion on each task 
preoperatively, the following order is ob- 
tained: inverted-erect triangle (160-560), cir- 
cle-square (50-200), stripes-diamond (0-80), 
light gray-dark gray (0-30), and red-green 
(0). Although the reward value of the last 
in which an animal attained criterion 
discrimination, it received two transfer 
or ten trials each: (a) pale red-bright 
green and (b) bright red-pale green. The four Color- 
Aid papers used were RT2, GHUE, RHUE, and GT2, 
respectively. Despite reversals of brightness values, 
errorless transfer to the previously correct hue was 


shown by all animals. 


? On the day 
on the red-green 
tests presented f 
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four stimulus pairs was reversed for half the 
animals, the arrangement in terms of pre- 
operative learning rates is the same for all, 
and is used tentatively to define an order of 
test difficulty. Postoperatively, this arrange- 
ment of the tests is maintained, with the 
greatest number of failures appearing on the 
inverted-erect triangle discrimination, numer- 
ous instances of less severe deficit on the circle- 
square and stripes-diamond discriminations, 
and only a single instance of impairment on 
light gray-dark gray and on red-green. The 
observed relationship between deficit and test 
difficulty is remarkably consistent for all 
animals, whether trained, postoperatively, 
from the most through the least difficult tasks 
(group S) or in the reverse order (group R). 


DISCUSSION 


The severe discrimination impairments ob- 
served in the two operates with deep and un- 
intentionally extensive ventral temporal le- 
Sions serve to confirm, and extend to other 
monkeys, results previously reported for 
baboons. Analysis of the effects of more re- 
stricted ablations indicates that damage to 
ventral cortex alone (three animals) also pro- 
duced marked deficits on the discriminations. 
Removal of the hippocampus, on the other 
hand, either through a minimal incision in the 
inferior convolution, or through the amygda- 
loid complex (one animal each), resulted in 
little or no impairment. Finally, only slight 
deficit followed combined resection of the 
polar region and the superior lateral surface 
(one animal). The results demonstrate that 
the integrity of the cortex on the ventral 
surface, as compared with that of other regions 
in the temporal lobe, is of especial importance 
for visual discrimination performance. 

The degree of impairment produced by the 
operations varied markedly with the par- 
ticular task employed. The pattern discrim- 
ination that required the longest preoperative 
learning time yielded the largest number of 
severe postoperative deficits; the hue dis- 
crimination, which required the shortest pre- 
operative learning time, disclosed but a 

single deficit. These results, obtained with 
sequence of presentation controlled, confirm 
the earlier finding of a direct relationship be- 
tween extent of deficit, as measured in ab- 
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solute terms, and degree of task difficulty. 
Order of presentation and test difficulty 
did interact, however; tasks intermediate 1n 
the sequence were relearned more rapidly by 
animals trained first on the most difficult 
tasks than by animals trained first on the 
least difficult tasks. 

Deficit on the discriminations was not con” 
sistently associated either with retardation 
relearning delayed response or with defects 
in visual fields or acuity. It is further Sig! 
cant that the two operates with amygdala 
lesions, while relatively unimpaired in their | 

| 


discrimination performance, showed market 
changes in their reactions to aversive stimuli. 
Alterations in avoidance behavior have ber 
observed previously following damage to ^ 
amygdala (6, 7); such changes did not ania 
following lesions restricted to the ventr: 
surface. : 

It appears from these results that ablatio B 
of the ventral cortex of the temporal lobe r 
terferes selectively with performance on ders 
discriminations, and that damage tO 
area is primarily responsible for the dis : 
ination impairment shown by animals W! 
temporal lobectomy (1, 4, 5). 


crim- 


SUMMARY | 
preoper?. 
ations 9 


varying difficulty. In addition, they were test’, 


on visual-spatial delayed response and on ae | 
designed to evaluate extent of visual fie 1 i 
visual acuity, and reactions to aversive VIS | 
stimuli. Ti | 
2. Following the initial training, V€D*: 
temporal cortex was ablated bilatera 
three animals, the hippocampal form?” | 
was removed bilaterally in three others, oa 
two animals received operations that set 1) 
to control for cerebral damage incidental " 
the hippocampectomy procedures. All anim? A 
were then retested on all problems, W! dif 
visual discriminations presented in tw? 
ferent sequences. ; 
3. Postanoktgi. examination of the bra T 
indicated that one hippocampal and one ©, 
trol lesion invaded extensively the area di 
moved in the ventral temporal operates; cd 
six other lesions were accurately PP. 
Thalamic degeneration findings were 


1. Eight macaques were trained 
tively on a series of visual discrimin 


gm 
iy 
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those previously reported for 
Nos temporal. resections produced 
aia greater impairment on the visual 
i nations fhan did the hippocampal or 
—— operations. The number of post- 
Boi ve e foilures and the amount of retarda- 
SA oa irany with the difficulty of the 
which foe irrespective of the order in 
visual di ey were presented. Deficit on the 
impair scriminations was not correlated with 
ment on any other task. 
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EFFECTS OF TEMPORAL NEOCORTICAL ABLATION ON VISUAL DIS- 
CRIMINATION LEARNING SETS IN MONKEYS 


KAO LIANG CHOW 
Yerkes Laboratories of Primate Biology, Orange Park, Florida 


It has been repeatedly demonstrated that 
bilateral extirpation of the temporal neocortex 
affects the retention of visual discrimination 
in monkeys (1, 4, 5, 6, 12, 13). The nature of 
the visual disturbances and its underlying 
neural mechanisms are yet to be elucidated. 
Recent experimental results suggest that 
monkeys with temporal lobe removals may 
have normal color, brightness, and pattern 
vision per se, and that only the learned 
habits of differential reactions to colors, 
brightnesses, and patterns are lost (4, 6). 
Even in these cases, specific habits may not 
be entirely abolished after the surgery. They 
are only temporarily suppressed and may be 
restored without any specific retraining by 
allowing the monkey to learn other, new visual 
discriminations (5). Thus, it appears that the 
detrimental effect of temporal lesions is neither 
a disruption of the visual capacities nor a 
demolition of the memory traces of visual 
habits. The loss of the learned response with- 
out either sensory defect or memory impair- 
ment is a mysterious paradox. One possible 
explanation is that what has been disturbed 
may be the animal’s general set in the formal 
training situation; the S may lose its ability 
to comprehend the essentials inherent in a 
discrimination problem. 

The present study is a further attempt to 
analyze, with regard to this hypothesis, the 
visual symptoms resulting from temporal 
lobe lesions. The possibility that the cortical 
injury affects only the monkey’s general 
set for visual discrimination learning is in- 
vestigated. The apparent loss of individual 
habits may be secondary to the animal’s 
failure to maintain a proper set. The ability 
to establish what Harlow (8) has defined as 
discrimination learning sets is used as a be- 
havioral index of the animal’s general set. 
The success in this problem requires not the 
remembering of specific discrimination habits, 
but the realization of a general principle. 

The animals learn to use the first trial to 
gain information (to react to the visual aspect 
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of the discriminanda and to discover which 
one of the two signifies reward), and they re- 
spond accordingly on the second trial of ea! 
new problem. The effects of temporal neocor- 
tex removal on the retention of discrimination 
learning sets are reported here. 


METHOD 


Three immature monkeys (Macaca mulatta) ree 
used. They were trained preoperatively to acqui an 
visual discrimination learning set for objects differ 
another learning set for patterns. The objects ens 
from each other in color, shape, and size. The P rds 
are India ink drawings on 3-in. by 5-in. white nging 
they differ only in what is painted on the card, rà sense 
from simple geometric figures to complex Me 
line drawings. Two monkeys (no. 1 and 2) were t pject 
on the pattern discriminations first, and on tec was 
discriminations second. The third animal (no- 2 pat 
given the object problems first, followed by Du e 
tern problems. The procedure used to esta” (2). 
learning sets was that described by Braun / rimina- - 
The preliminary training consisted of 67 ded 
tions: 50 trials for each of the first 8 pe 
trials for the next 24 problems, and 6 trials | m 
last 35 problems. The main part of training COS" for 
either 100 or 450 discriminations, each prese? 

3 trials. lem 

All three animals were trained on a third probi 
a trial-unique, nonspatial, delayed respons: " cts 
mals were required to choose that one of two m 
under which a piece of food was previously Ed fof 
new pair of three-dimensional objects was us pjec? 
each trial. During the delay interval, the tw? wi 
may remain in the same position or be exchange’ ice 
each other. The food reward was shifted or ? pec? 
cordingly, always being under the object that ps 
baited. After preliminary adaptation to the uring 
mental situation and training without a screen Js with 
the delay interval, all animals were given 50 tr? delay? 
each of the two conditions: 5-sec. and 10567 jects 
with an opaque screen concealing the stimulus eude? 
during the delay interval. This problem was Pi cific 
to test whether the effect of temporal lesions d or 
to performance in visual discriminations 95 form 
whether it may also involve the ability tod afte 
delayed response, which is consistently impair 
prefrontal removals. 

Two months after completion of t| 
ing, the monkeys were tested for preoper 
tion of object- and pattern-learning sets. 
object discriminations and 30 new pattern 
tions, three trials for each problem, were 
animals were then subjected to bilater? 


i 

he original bit 

ative P^ ro 
irtY ^ g^ 

discri pe 
jven- 

" tempo? 
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Deocorti: H 1 * 
Sua E ipaion in one stage. All operations were 
technique en Nembutal anesthesia with aseptic 
x koal e cortex was removed by aspiration. 
iem Bern uneventfully. 
tests on obj lays after surgery, postoperative retention 
RO pairs Pes and pattern-learning sets were given 
tials for ea. Lead and 30 pairs of patterns, three 
le Frenor x discrimination). Since all Ss failed in 
taming ae tests, they were given retraining on 
Procedure. The. patterns by the same preoperative 
Tesponse a. ey were tested on the nonspatial delayed 
Alter i the last problem. 
and 2 oe of theexperiment, monkeys no. 
teas Were non in another study. Their prefrontal 
Will be re lated in this terminal experiment, which 
efo ported elsewhere. Their body weights at the 
(female) er were: no. 1 (female), 3.6 kg.; no. 2 
and a ae no. 3 (male), 3.3 kg. The brains were 
tenth ieee ioned coronally in 50-4 thickness. Every 
EE an 2 ee stained with thionin. The 
“onstructed location of the cortical lesions were re- 
thalamus and the retrograde degeneration in the 
method of etermined. The histological procedure, 
Bra reconstruction, and the criterion of retro- 


de ; 
Teport Go have been described in a previous 


Matonica sis RESULTS 
i ‘ 
tical Tea 1 gives the reconstructions of cor- 
fto, Ons of the three animals as viewed 
Shows th lateral side of the hemispheres, and 
and the € cross sections through the lesions 
n degenerated thalamic pictures. All 
tex, See lesions are confined to the cor- 
in ns only slight damage to the underly- 
Dora] uM The medial structures of the 
ation g obe are intact. Retrograde degener- 
bul ihrem dn the posterior part of . 
there 27% medialis of all animals. In addition 
Benicy » small degenerated zones in the medial 
Ten alis e of monkey no. 3, and in the 2. 
Th Se ay Posteromedialis of monkey no. 1. 
fto Ea findings are no different 
Siong tee reported cases (3). The le- 
No, » the prefrontal regions of monkeys 
Mother ^d 2 were made in connection with 
ie o ee after the completion of 
cause of study. It should be noted that 
Period, n the short postoperative survival 
wedialis i degeneration is apparent in the n. 
ql atio rsalis of monkey no. 1, and only a 
Orsalig peal area in the left m. medialis 
ey no. 2. 


€ Fo, 
mati, ganas, eae 
arning g Transfer of Discrimination 


Chae ce 
T the Bier of developing the learning sets 
Ss resembles that described by 


Fic. 1. Records of lesions in Ss no. 1, 2, and 3. 
Reconstructions of the location and extent of cortical 
lesions are shown on the lateral surface of the hemi- 
spheres. Complete destruction is indicated by hatching; 


partial destruction, by stippling. The positions of the 
cross sections (1, 2, 3) through the lesion are shown by 
the numbered lines on the surface drawings. The lesions 
in the prefrontal region of Ss no. 1 and 2 are made 
after the completion of the present study, which will 
be reported elsewhere. Sections through the posterior 
thalamus (A, B, C) are also presented; its degenerated 
zones are indicated by solid black. R, right; L, left; 
a, arcuate sulcus; sf, superior temporal sulcus; s, 
Sylvian fissure; MG, medial geniculate; PL, n. pul- 


vinaris lateralis; PM, n. pulvinaris medialis. 


Harlow (8) and Braun e al. (2) for monkeys, 
and that of Hayes et al. (11) for chimpanzees. 
There is an orderly improvement in the ac- 
quisition of the successive discriminations, 
until the second trial correct reaches 80 or 90 
per cent in the last hundred problems. The 
pattern discrimination appears to be more 
difficult than the object discrimination. This 
js indicated by the slower rate of improve- 
ment and the lower level of efficiency finally 
achieved in pattern problems. Both these 
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iFrc. 2. Formation and transfer of learning sets. 
Percentages correct on the second trials are plotted 
as a function of successive problem blocks. Subjects 
no. 1 and 2 learned the pattern discriminations before 
the object discriminations. Subject no. 3 learned the 
object problems first. O, object discriminations; P, 
pattern discriminations; Pr, 67 problems in the pre- 
liminary training. 


points are shown in Figure 2, where the de- 
velopment of learning sets is plotted as a func- 
tion of problems, i.e., the percentage correct 
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on the second trial in successive blocks of 
problems. The curves for pattern discrimina- 
tions of all three monkeys are below those for 
object discriminations of Harlow's and Braun's 
monkeys, and of Hayes's chimpanzee (com- 
pare Fig. 34 in 11). 

Figure 2 also shows the differert degrees of 
transfer between learning sets for different 
types of visual discriminations. There 1s a 
high degree of positive transfer from pattern 
discriminations to object discriminations’ (mon- 
keys no. 1 and 2), but much less transfer from 
the object to pattern problems (monkey n? 
3). In fact, after the animals have had a learn- 
ing set for pattern discriminations, they an 
acquire a learning set for objects within eboi 
one hundred problems. These results are 2 
agreement with those of Harlow and be. 
(10). Their monkeys also showed a large pu 
tive transfer effect from learning sets i 
planometric patterns to stereometric on 
The relatively less transfer from object © 
pattern discriminations of monkey n9- ther 
confirmed by the unpublished data on ano 
monkey. 


; els 
Retention and Reacquisition of Learning 5 


t- 
zi i - and po5: 
Figure 3 gives the data on pre All ani 


operative retention of learning sets. 4 sels 
mals showed perfect retention of learning the 
after a period of two months, before or 
operation. After bilateral temporal gn 
tical ablation, the animals lost the leari sr, 
set for pattern discriminations. oren rer 
they were not able to regain the set eve? x ob" 
retraining on more than five hundred Ped 
lems presented by the same procedure MS 
preoperatively. These animals, at the ‘qua 
time, still had the ability to learn indiv jg- 
pattern discriminations. They learned to v5 
criminate a black diamond (positive thit 
black and white horizontal striations W' the 
the normal time (around 200 trials) after 
had failed to re-establish the learning 5^ set 
Monkey no. 1 did not lose the learnin phe 
for object problems after the surgery”. aly, 
other two animals lost the set postopera ui i 
but regained it with very little to 32 
Monkey no. 2 re-established the set @ oble” 
object discriminations (50 trials per P fof 
for the first 8 problems, and 10 trials " E 
the other 24 problems), and monkey 
after only 8 problems (50 trials each). 
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Nonspatial Delayed Response 


Two monkeys retained the ability to per- 
orm nonspatial delayed response after tem- 
d Deooortical ablations; the third S lost 
init ility and did not regain it within the 
M : of training. Preoperatively, monkey 
p petedned 84 per cent and 86 per cent 
trials for the 5-sec. and 10-sec. delay (50 
Wi al After the operation, the scores 
centa, 6 per cent and 78 per cent. The per- 
ela oh Correct for the 5-sec. and 10-sec. 
E m of monkey no. 3 were 90 and 88 preoper- 

ey, 80 and 72 postoperatively. Monkey 
and Performed 80 per cent correct (5 sec.) 
Per cent correct (10 sec.) before the 
chance | but postoperatively performed at a 
m ee at the end of 500 trials with 5- 
the ¢ Clay without the opaque screen, and at 
nd of an additional 200 trials for 5-sec. 
with the screen. 


Surgery, 


delay 


DISCUSSION 
The 


Dora] te results demonstrate that tem- 
tion of ‘ lesions affect selectively the reten- 
Visual denne sets for different types of 
Showeq \scriminations. All operated animals 
Object pon retention of a learning set for 
Cquir IScriminations, but they failed to 
Tmatio: a set for pattern problems. If the 
Nonke. a of learning sets is indicative of the 
then d S general set to learn visual tests, 
Vance, Ese results rule out the hypothesis ad- 
Dti... Earlier that the loss of a general set is 
Produce, responsible for the visual symptoms 
&Dlanati by temporal removals. Two possible 
ang „tons of this differential effect on object 
(a) Pattern learning sets may be suggested: 
feren, CTE are separate learning sets for dif- 
Quis, Val problems. The monkeys are re- 
to teact. ot only to have a general set, but also 
Of ge tO the relevant cues specific to a class 
we an uli. The operation perhaps destroys 
The p: cc the other of these two sets. (5) 
t ern discriminations are more difficult 

lobe inj m Object problems, and temporal 
t Hai will disturb performance on diffi- 
fe inter more than on easier ones. This lat- 
hdi,  Pletation is in agreement with the 
ys ^ large posterior lesions in the 
than Ssociation cortex affect pattern 
Wever th object discriminations (9, 14)- 
am € mechanism involved in the tem- 
age which disturbs the ability to 
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Fic. 3. Pre- and postoperative retention and the 
i rning of learning sets. Straight 
i i ion; dashed lines, post- 
e reoperative retention; ; 
cas retention; dotted lines, the last 30 problems 
E retraining; O, object discriminations; P, pattern 


discriminations. 


postoperative relea: 
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perform more difficult discriminations is not 
known. It may be that there are some inter- 
ferences of the animal’s visual attentiveness 
after the surgery. 

The good retention of the learning set for 
object discriminations by these monkeys is 
unexpected in view of the results reported by 
Riopelle eż al. (13). They found that temporal 
lobectomized monkeys could not be trained to 
form learning sets for object problems. Also, 
monkeys did not retain the previously es- 
tablished set for objects after such a lesion.! 
This discrepancy may be due to the differences 
in the brain injuries. The lesions in the present 
series of monkeys were confined to the neo- 
cortex. Riopelle ef al, without anatomical 
verification, reported damage to both the 
neocortex and the deep temporal structures 
in their monkeys. Further researches are 
needed to clarify this point. 

The failure of monkey no. 2 to perform non- 
spatial delayed response postoperatively indi- 
cates that, in some monkeys, the effects of 
temporal lobe extirpations are not restricted to 
visual problems alone. This case, together with 
those reported in earlier studies, suggests again 
that functional representation within the asso- 
ciation cortex may not be strictly localized. 
Although the ability to perform the delayed 
response problem is focally dependent on the 
prefrontal region, it may involve other cor- 
tical areas as well (7). 


SUMMARY 


Three immature monkeys (Macaca mulatta) 
were trained preoperatively to form learning 
sets for visual object discriminations and for 
pattern discriminations. They were also given 
a nonspatial delayed response problem. 

After bilateral temporal neocortical abla- 
tions, all animals lost the learning set for 
pattern discriminations, and were not able to 
regain it even after prolonged retraining. Two 
monkeys (no. 2 and 3) also lost the learning 
set for object problems, but reacquired this 
with a large amount of saving. The third 
animal (no. 1) did not lose the learning set 
for object discriminations after the operation. 

Postoperatively, one monkey (no. 2) lost 
the ability to perform the nonspatial delayed 
response, whereas the other two (no. 1 and 


1 Riopelle, A. J. Personal communication, 1953. 
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no. 3) showed good retention on this problem. 
These results are briefly considered in relation 


to the nature of the visual defects following | 
| 


temporal lobe lesions. 
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ROLE OF THE CEREBRAL CORTEX IN TEMPERATURE DISCRIMINATION 
IN THE RAT! 


J. DOWNER 

, Johns Hopkins University 
E Es years, considerable interest has 
; on in the role of the cerebral cortex 
Süch Eius vm of cutaneous sensitivity in 
E V. ta as the rat (8, 10, 11), cat (9), dog 
as been | monkey (4, 5). One aspect that 
Perature aid overlooked, however, is tem- 
Down amc d For many years we have 
Tegulation e hypothalamus is an important 
now relati center for temperature, but we 
neura ively little about the role of higher 
Centers, such as the cerebral cortex, 1n 
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Pose ue discrimination. It was the pur- 

Wany | this study to determine what role, 

W the 's played by the cerebral cortex of rats 
Iscrimination of temperature. 
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Went: 2 

th hley nai male rats, all descendants of the 

wee, Were the were used as Ss. When the study began, 
ght, ree months old and averaged 205 gm. 1n 
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Apparatus 


The apparatus consisted of an open wooden box, 
3 ft. square and 1 ft. high (see Fig. 1). The bottom of 
this box was covered by a copper plate, cut diagonally 
and separated by a 14-in.-wide wooden runner that 
served as an insulator between the two triangular 
halves (Plates A and B in Fig. 1). Centered in the 
large box was a smaller box, 1 ft. square and 11$ 
ft. high. In the corners of the smaller box that were not 
cut by the wooden insulator, and 4 in. above floor level, 
were two holes just large enough for a rat to climb 
through. In each corner of the larger box, directly in 


SIDE VIEW 


Fic. 1. Schematic diagrams of the temperature discrimination apparatus 


line with the holes, was à food dish—one, an electrically 
i ment constructed from a General 
bes n (Cat. No. HC60) was 
ed under each of the triangular copper plates. A 
euo of each element was brought up through the 
copper plates to encircle the bottom of each exit hole 
in such a way that a rat climbing through the hole 
would come into contact with the element. Each 
element in turn was connected to a Variac. This 
Variac provided an effective means for controlling 
the temperature of each element independently. Each 
plate was provided with a thermometer. The whole 
apparatus rested on a laboratory stool and could be 
rotated through 360° by means of a swivel pin trans- 
fixed through the stool and the base of the box. 
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Procedure 


Preliminary training. Ten days prior to training, the 
rats were blinded by enucleation and were put on a 
24-hr. feeding schedule. Then they were placed in the 
apparatus for 1 hr. per day for a week and allowed to 
become familiar with it. After this period of habituation, 
the training sequence began. 

One of the copper plates was heated to 55° C.; the 
other was kept at 25? C. (approximate room tempera- 
ture), thus forming a temperature difference of 30° C. 
between the two sides. Food was placed in both dishes. 
Since the object of training was to teach the animals 
always to avoid the warmer plate, the food dish on 
the warmer side of the box was covered with wire mesh 
and electrically charged. Each rat, in turn, was placed 
in the small, inner starting box, where the same tem- 
perature differences prevailed as in the larger outside 
box. To obtain food it was necessary for the rat to 
climb through one of the two holes and to run over to 
the dish on the cooler side (positive stimulus). An error 
was scored if the rat went to the food dish on the 
warmer side, regardless of what hole it had climbed 
through. After each trial the animal was removed 
and the apparatus was rotated through 180°. The 
temperatures of the two copper plates were varied from 
day to day according to the Gellermann sequence: one 
day Plate A would be the warmer; another day, the 
cooler. Each animal was given ten trials per day until 
it reached the criterion of at least 80 per cent correct 
responses on two successive days. After the rats had 
learned the relatively crude discrimination (30? C.), the 
temperature of the warmer side was reduced to 45? C., 
thus forming a difference of 20° C.; training was then 
continued until the criterion was again reached. 

Sham operation. After reaching criterion on the 20? C, 
difference, the animals were divided into two groups, 
matched as far as possible on the basis of their scores, 
and subjected to a sham operation. This consisted 
merely of a mid-line incision of the scalp with subse- 
quent suturing. 

Postsham retraining. Following a 14-day recuperation 
period the animals were put back in the apparatus and 
retrained on the 30° C. and 20° C. discriminations to the 
same criterion as before. After completing retraining, all 
animals were subjected to cortical operations. 

Operative procedure. In all operations Pentobarbital 
sodium was used as the anesthetic. When necessary 
this was supplemented with ether. After incision of the 
skin and overlying fascia, the bone over the desired 
area was removed and the cortical tissue removed by 
suction with a small glass pipette attached to an 
aspirator. One group of animals was subjected to 
removal of somatic areas I and II, and the other group, 
to removal of cortical tissue both anterior and posterior 
to the somatic areas (the frontal-occipital group). All 
operations were bilateral. Six rats were lost during the 
course of the study, leaving a total of 14 animals with 
completed records. 

Postoperative testing. After the operation, a period 
of 14 days was allowed for recovery. The animals were 
then reintroduced to the apparatus and tested on the 
30? C. and 20° C. temperature differences. They were 
also tested on a 10° C. discrimination, which had not 
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SOMATIC AREAS 1*1 
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aD! 
Fic, 2. The stippled area indicates the locus ses 
extent of cortical destruction, and the heavy phe 
show the location of somatic areas I and te by 
differential experimental groups are design?. enti! 
appropriate headings. The animal’s expe" 
number is shown above each diagram. 


e 
" oP 
been done previously with these animals. s fines 
liminary survey it had been established that © minat? 
temperature difference that could be disc? 


t 
was 10° C. e p% 
Post-mortem procedure. On completion of th ject 


operative testing the animals were killed by ! miele " 
of a formalin perfusion fluid into the left Vend K 
the heart. The brains were then remove 3 0 y 
celloidin, sectioned at 45 my, stained, mou", ple 
slides, and the lesions plotted on the standar 
diagrams. 
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CEREBRAL CORTEX AND TEMPERATURE DISCRIMINATION 


RESULTS 


aM poen _Teconstructions of the 
results, in t : hown in Figure 2; behavioral 
eu ei of errors to reach criterion, 
shown in th in Tables 1 and 2. All scores 

e tables include the criterial trials. 


D. 9 
reliminary (Control) Data 


Be 
preli Rete start of the present experiment a 
e d Joe had been conducted with 
i E bise ion the finest temperature 
ctiminatin at they were capable of dis- 
the appa g. This was found to be 10° C. for 
dividual ratus used. The results for the in- 
animals are shown in Table 1. It 


Number SEE TABLE 1 
Study pets Made by Animals of Preliminary 
em ore Meeting Learning Criterion on 
perature Discrimination of 10° C. 
(35° C. — 25° C) 


RAT NO, 

ERRORS 

1 3 

: 4 

A 3 

5 4 

> 9 

; 1 

: 10 

u 3 

12 : 

13 E: 

14 5 
[x 5.5 
5.4 


TABLE 2 


Umh er 
of E 
Errors Made before Meeting Learning Criterion on Temperatui 
ter Ablation o 
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can be seen that the animals made an average 
of 5.5 errors before they learned to dem. 
nate a difference of 10° C. (35° C25 C) 
With differences finer than this, the scores 
became a matter of chance. These preliminary 
data are presented in some detail because of 
their importance in interpreting the results of 
the present experiment. 


Operative Data 


Table 2 shows the preoperative and post- 
operative performance of animals subjected to 
removal of various parts of the cerebral cortex. 
It can be seen that animals with ablations of 
the frontal and occipital areas of the cortex 
show a considerable postoperative saving in 
error scores as compared with their preopera- 
tive scores in learning the 30° C. and 20° C. 
discriminations. Postsham and postoperative 
scores for these two temperatures are about the 
same. We also note that this operated group 
of animals learned to discriminate the 10° C. 
difference as quickly as did the normal group 
of 12 animals in the preliminary study (5.7 
errors versus 5.5 errors; p> .90). We may 
therefore conclude that removal of cortical 
tissue anterior and posterior to the somatic- 
sensory areas does not cause à loss in the abil- 
ity to discriminate temperature differences at 
or above 10° C. 

Animals with lesions of somatic areas I and 
II, like those with frontal-occipital lesions, 
show a considerable postoperative saving in 
errors in relearning the 30° C. and 20? C. 
discriminations as compared with initial 


re Discriminations of 30° C., 20? C., 
f Specified Cortical Areas 


eee. and 10? C. before and af 
SOMATIC AREAS I AND u 


Rat No, Initial Postshani Postoperative = Initial Postsham Postoperative 
eee ae 
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learning; the amount of saving is of approxi- 
mately the same magnitude for both groups. 
Again, the postsham and postoperative scores 
for the two temperatures are about the same. 
From Table 2 we see that these animals made 
an average of 6.8 errors in learning to dis- 
criminate the 10° C. difference. Although this 
error score is somewhat higher than that made 
by the normal group of 12 animals (5.5 
errors) for the same temperature discrimina- 
tion, the difference is not statistically signifi- 
cant (p > .70). As with the previous group, 
it becomes apparent that removal of somatic 
areas I and II produces no loss in ability to 
discriminate temperature differences at or 
above 10° C. 


DISCUSSION 


Since information on the role of the cerebral 
cortex in the discrimination of differences in 
temperature is almost totally lacking, this 
study attempts to explore the problem. 

The foregoing results clearly indicate that 
removal of somatic areas I and II has no 
deleterious effect on the retention or relearn- 
ing of temperature discriminations at or over 
10° C; furthermore, ablation of cortical tissue 
both anterior and posterior to the somesthetic 
cortex has no adverse effect on such discrimi- 
nations. This lack of impairment is evidenced 
by the absence of amnesia and by the consider- 
able postoperative saving in error scores by 
both groups of animals. Apparently, then, no 
part of the cerebral cortex of the rat is essen- 
tial for discriminating temperature differences. 

The results obtained in this investigation 
are supported by two lines of evidence: First, 
Adrian (1), using the evoked-potential tech- 
nique, which has proved very fruitful in 
mapping other sensory projection areas, was 
unable to record any cortical potentials after 
thermally stimulating various parts of the 
body surface of cats; secondly, neuroanato- 
mists, using cytoarchitectonic and retrograde 
degeneration methods, have repeatedly failed 
to localize the cortical end station at which 
temperature sensation fibers are thought to 
terminate. It has been known for some time 
that the second-order neurons of the lateral 
spinothalamic tract reach the level of the 
thalamus and that most of these fibers termi- 

nate in the posteroventral nucleus. Although 
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it has been assumed that the third-order 
neurons arising from this nucleus convey 
temperature impulses to the somesthetic cor- 
tex, there is no direct evidence to show that 
this is the case (see Ranson and Clark, 6). 
Walshe (7) goes so far as to state that the 
lateral spinothalamic tract does not continue 
on to the cerebral cortex and that impulses 
carried by this tract reach “consciousness 
in the thalamus. 

In conclusion, the present inve 
demonstrated that in rats the cerebral co 
is not necessary for the discrimination o 
temperature differences either at Or above 
10? C; 


stigation bas 
rtex 


SUMMARY 


ted in which ra 


An apparatus was construc 
pP perature 


could be trained to discriminate tem 
differences of 30? C., 20° C., and 10° C. 

The experiment began with 20 rats: 
blinding, the animals were trained 
criminate temperature differences of 
and 20? C. On the basis of these initial 
they were divided into two groups 
which were then subjected to a sham op odi 
tion and allowed a 14-day recuperation peg 
Following this they were retrained on t^e on 
temperature differences to criterion, 45 s 0 
One group was then subjected to ablation al 
the frontal-occipital areas of the BS ed 
cortex, while the other group was sub ne 
to ablation of somatic areas I and 1- ^" core 
14-day recovery period both group? < 30° 
tested on temperature discriminat 


era 


ions O*, yed 
C., 20° C., and 10° C. Fourteen rats suyi 
the experiment. aint 

No impairment of temperature discrim 
tion occurred following the bilateral Y€ tic 
of either the frontal-occipital cortex oF d 
areas I and II. 
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STUDIES IN THE NEUROPHYSIOLOGY OF LEARNING: I. EFFECT OF 
BRAIN STIMULATION RATE DURING RUNS ON MAZE PERFORMANCE 
IN THE WHITE RAT 


J. A. GENGERELLI axp JOHN W. CULLEN 
University of California, Los Angeles 


Twenty years ago the senior author pub- 
lished a monograph setting forth a neuro- 
physiological theory of the learning process 
(2). This theory was based primarily on two 
neurophysiological parameters, viz., frequency 
of nerve impulse volleys and their duration. 
Since that time, the importance of stimulation 
rate on nerve function has been amply demon- 
strated (6, 8). Furthermore, electronic de- 
velopments in the last decade have made it 
possible to design and construct equipment 
that permits at least an approximate experi- 
mental test of the theory. This is the first of a 
series of experiments directed to an investi- 
gation of the influence of stimulation rate, 
duration, and locus of cerebral excitation on 
the learning processes in some mammals. 

The present report is concerned with a 
study of the differential effect of two rates of 
brain stimulation (75/sec. and 300/sec.) on 
maze learning in the white rat. Strength of 
stimulus was the same for the two frequencies, 
and the duration of each pulse was approxi- 
mately the same. 


METHOD 
Apparatus 


Electronic. The transmitter system used is of the 
pulse-modulated radar type and has been described 
elsewhere (4). Since the original publication (4), the 
pulsing characteristics of the equipment have been 
altered. It is now capable of repetition rates between 
20/sec. and 2400/sec. The pulse duration is variable 
between 3.00 msec. and .1 msec., but pulse duration is 
not completely independent of pulse repetition rate. 
The carrier frequency is 221 m.c. The miniature re- 
ceiver borne by the animal is essentially a crystal set 
and has also been described (3). In the present experi- 
ment, however, a 1N23-B crystal has been substituted 
for the 400-A crystal previously employed. The crystal 
serves to rectify the bursts of high frequency waves 
into direct current pulses of rectangular shape. 

Surgical. The general surgical procedure has been 
described (3). The electrodes were fashioned from 
stainless steel wire .031 in. in diameter, and were ground 
down to a conical shape that ended in a fairly fine point. 
Each electrode was 5 mm. long and insulated except at 


es 
araday E 


Fic. 1. Ground plan of maze within F 


i i 60 in) 
(A—Faraday cage [123 in. by 64 in. by xi 
maze unit [12 in. by 38 in. by 8 in.]; Gto I G^ 


sliding door; E—portable barrier; F—osci 
cage access door; //—maze entrance door.) 

m T 

$ mnl oce 

the point, which was bared for a distance of 1 é Ce 
rit 


attempt was made at precise placement *: E ad 
trodes in the present experiment; attemp sv ut. 
placement will be made in later investigations Y pe” 


z : uire” . jp 
if this is necessitated by experimental red" oles 
The two electrodes were inserted throug) 
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BRAIN STIMULATION AND MAZE PERFORMANCE 


the Sey ie ws 
deed fr in diameter, drilled symmetrically on 
the nae d e mid-line and about 1 mm. ahead of 
Toughly 5 pum of the ears (9, p. 330). The holes were 
Were forced thi apart, and the conical shaped electrodes 
"Dress fit” oA them. This provided a satisfactory 
n those ‘speed ch kept the electrodes firmly in place. 
Penetrated sli mos examined, the electrode tip had 
ol i e Eis zi n than 1 mm. below the surface 
azi 
Figure i ps ground plan of the maze is shown in 
structure wa: e alleys were 8 in, deep, and the whole 
Simultan Sol Covered by a leucite sheet, which yielded, 
tomagnetic T Md visibility and freedom from elec- 
Vented an ‘Shielding. The depth of the alleys pre- 
back ang 2 impact between the antenna on the rat's 
een = covering over the maze. Doors were placed 
together EON units to prevent retracing. These doors, 
leucite and the blocks used in the cul-de-sacs, were of 
Placed insid quite transparent. Since the maze was 
troduced e a double-shielded cage, the animals were 
vhich was Dd the maze through a small slit door, 
arrived at th en immediately closed. Once the rat had 
oÍ time, p; food box and eaten for theallotted period 
Temover entered the cage through the large door and 
for the next run. 
Procedur ? 
In prelimi 
mals | tpt experiments it was found that ani- 
Preferences eo miendons individual differences in their 
Naze distan, or certain turns in the maze. Since the 
Size of the ces were relatively small (because of the 
times hefo cage), some animals would enter a cul many 
stitu " i abandoning it. It was therefore decided to 
o inant od of preoperational training sufficient 
Pattern LR. that all animals had “learned” the maze 
Seven doy x After the period of maze adaptation 
ACC With thi the animals were given 60 runs in the 
t the en, 3 "i pattern at the rate of five runs per day. 
Y eerie time, all the animals were found to 
witerion, m the pattern, as judged by a not too rigid 
aS to Eu € purpose of the preoperational procedure 
Etoung of e all animals a fairly homogeneous back- 
le Succ; cere raining and alley dispositions. While 
blete, in LC this maneuver cannot be considered com- 
dme iten sense that all the animals possessed the 
ot it did ed fixation for any specified turn, it is felt 
m thane the rats closer to a common point of 
i he day opem proper. 
we the rats alter completion of the preliminary train- 
us installed. ere operated and the receiving equipment 
ant’ Place ds Twenty-four hours later the animals 
Es Sence, hoy n the maze and permitted to run, in the 
als Were ow ever, of any power in the field. The ani- 
S On the Pn three runs. 
a divided t d day after the operation, the animals 
Ro (75 puls into three groups: (a) Low Frequency 
Re ency ir en width, 975 msec.); (b) High 
stale ? and (o) (300 pulses/sec.; pulse width, E 
*d but no Operated Control (OC) (receiver 1n- 
Power present in the field). There was a 


1 
in The desi 
Possible [e the equipment was such that it was 
"eles (ef 4 aa durations for these two fre- 
jp. 
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fourth group, which is called the Normal Control (NC). 
This group was in every respect treated as the othe 

T 
three, except no surgery was performed. All the animals 
were now given five massed runs daily on the maze pat- 
tern R-L-L, i.e., the mirror image of the preoperational 
pattern. This was continued for five days. 

The mechanics of the experiment were such as to 
preclude the possibility of performing it at the same 
time on all the animals to be used. The surgery on each 
animal required an average of 40 min. If we wished to 
use a total N of about 30 for the three operated groups, 
it would be necessary to stagger the procedure. It was 
decided that the interest of experimental design would 
be best served by a process of replication. Each experi- 
ment comprised 8 animals—2 in each of the four 
groups—and was replicated once every three or four 
weeks until a satisfactory total N had been accumu- 
lated. Some of the animals from the operated groups 
were lost because of equipment failure; also, if a suf- 
ficient number of animals was not available for a given 
experiment, we stinted on the NC group rather than 
the others. This resulted in an unequal N for the four 
groups of animals used. All the animals were males 
and between 90 and 120 days old. 

On the first of each day’s runs, the operated animal’s 
receiver was tested for electrical continuity by measur- 
ing the resistance between the electrodes, A special 
device was constructed and utilized to measure the 
resistance between the cerebral electrodes. By screwing 
this little unit on the “smoke stack” (cf. 3, p. 536), it 
was possible to obtain a resistance reading with no 
difficulty. Whenever this value strayed markedly from 
the range 5,000 to 10,000 ohms, the animal was dis- 
carded, since this constituted prima-facie evidence that 
some defect had developed in the receiver unit. If the 
continuity tests were satisfactory, the animal was 
entered into the maze through the slit door in the cage. 
As soon as the door was closed behind the rat, the 
power was turned on at the predetermined frequency 
and left on until S had entered the food box. It was 
permitted to eat for 20 sec., and then returned for the 
next run. 

The power level to be used in the experiment had 
been the object of separate preliminary investigation. 
To use too little power might result in failure to stimu- 
late the brain; to use so much as to result in motor re- 
sponse (3) would be equally undesirable in a learning 

explorations had established 


experiment. Preliminary 
the mean threshold for motor responses when elec- 


trodes were placed in the brain area in question. The 
power level employed was kept well below this thresh- 
old. In a few instances, however, à rat showed motor 
response to the cerebral stimulation; in these cases, the 
power level was lowered still further for the particular 
animal. 


RESULTS 


The results to be reported here are primarily 
in terms of errors. An error was scored when- 
ever the rat’s head and shoulders penetrated 
a cul. Successive entries into the blind alley of 
a given unit were quite common and were, of 
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TABLE 1 


Average Number of Errors Made by Each Rat per Day 
(Five Runs) and Group Means for All Five Days 


GROUP 


GROUP N [zu 
:1[2]3|4|5]| days) 

Normals 9 [11.94.0/3.311.8/2.9| 23.9 
Operated controls | 11 |12.8/7.6/4.32.1/2.1| 28.9 
High frequency 12 13.7/5.6/4.0,3.4/2.1| 28.8 
Low frequency 14 14.016.8/5.44.7/3.8 34.7 


course, summed to constitute the animal's 
error score for the run. 

Daily average errors are given in Table 1. 
A simple analysis of variance based on the 
total errors for the five days (25 runs) yielded 
an F of 2.92, which for 3 df is significant at 
the 5 per cent level. The / test was applied to 
the various comparisons among the four 
groups; the comparisons are in terms of the 

total number of errors made on the five days 
(25 runs). Of these six comparisons, only one 
is significant when a two-tailed test is used, 
namely, that between the NC and the LF 
groups (¢ = 2.95); this, however, is significant 
at the 1 per cent level. 

A graphical representation in terms of the 
mean number of errors per day (five runs) 
made by the various groups of animals is 
shown in Figure 2. Inspection of these graphs 
raises two questions: (a) Are the mathematical 
functions describing the four curves identical 
except for constant terms? (b) If any pair of 
curves has the same function, is the difference 
between successive pairs of means signifi- 
cantly greater than zero? 

These problems may be treated by Lind- 
quist's method of trend analysis (7). Our prime 
interest here is to compare the three operated 
groups, since we are concerned only inci- 
dentally with the effects of the operation as 
Such. To insure homogeneity of variance, it 
was found necessary to submit the scores to a 
Square-root transformation. The results of 
these comparisons are summarized in Table 2. 
It will be noted that the mathematical func- 
tion for the HF group is identical to that for 
the LF group, but that the difference between 
the successive pairs of means is significantly 
greater than zero at the 5 per cent level. This 
comparison did not yield significant differences 
when the total errors for the five days were 
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b; 
Fic. 2. Mean number of errors made per 49¥ 
the four groups 
‘ : signifi 
used. All other comparisons yielded E. oC 
cant differences except that between ached y 
and LF groups. The difference here Tê 


the 7 per cent level of significance. 


i 
: : - eft 
While the Lindquist method is a s o 


device for dealing with the compa stigatio” 


empirical curves, the present inve A 
could profit by a procedure that pas. ral 
question: Is learning rate affected by ce oul 
stimulation rate? The rate of learning >a 
be freed from the absolute level of the aK Jy 
curve itself. This would make it bw up 9 
possible, for example, for a “duller” pe ent 
animals to show a faster rate of imprOV^ js 
than a "brighter? group, even . thous ior 
performance at a given time remained P dye, 
to that of the latter group. The pro^ ind 
furthermore, should yield a simple undc 
number that may be easily compare 
various experimental conditions. 


TABLE 2 "P. 
Comparison of the Operated Groups for piffe 
Curve Shapes and Curve Levels f 
p v5 
OC vs. HF| OC vs. LF bs 
i) 
Mathematical NS | NS Du. ji 
functions "1 per 
Mathematical NS p= .07 
constants 


Note: Two-tailed test used. 


BRAIN STIMULATION AND MAZE PERFORMANCE 


With this in view, let 


Er = number of errors on a given occasion T 
E (day or trial); 

= number of errors made on the first 
occasion (day or trial); 
Constant proportional factor relating 
number of errors on a given occasion 
to the number of errors on the pre- 


ceding occasion. 
OW set 


DES 


Er = ERT. [t] 


Thi : 
" men asserts that the number of errors 
Qual to te made on a given occasion will be 
ately pre gener of errors on the immedi- 
Constant ^ Ing occasion, multiplied by the 

t SÉ proportionality &. 

om the «epe to determine the value of k 
Condition na secured under each experimental 
Squares, it Utilizing the method of least 
S, it can be shown that the value of this 


Param 
equation may be calculated from the 


e 


25 Y. SU 5» (T —1) 


"ja (2 
L (7 - 1) 
wh, Tel 
e 
otdina = log Ez; C = log E,; and T = the 
and eed of the occasion (day or trial), 


inclusive. on the sequential values from 1 to #, 
Vera, dd Utilizing equation 2, with Er as the 
experts number of errors made by a given 
Fig, eem group on the T-th day (cf. 
Rtoups the values of & for the OC, HF, and LF 
found were calculated. These values were 
49; So be: OC = .600; HF = .606; LF = 

atin stituting the appropriate value of & in 

i. 1, we calculated the average number 
Broup ed to be expected from the rats In each 
u Ty le a given day. These values are shown 
ob lel 3, together with the values actually 
Btoup id, CÈ Table 1). The ft for the OC 
trong airly good; the other two groups show 


thirg dp are too sharp on the second and 


ys. 

ti 
Values desirable to know whether these three 
Problemy ft k are significantly different. The 
Metho is perhaps best treated by Fisher’s 
btaineq 9f Orthogonal polynomials (1). The 
Values of E; for each group were first 
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TABLE 3 


Average Errors per Day (Er) for the Three Operated 
Groups, as Obtained and as Calculated by Formula 


oc HF LF 


DAY 

CALCU- - - i 

TATED | TAINED | LATED | TAINED | TATED | TAINED 
1 12.8 | 12.8 | 13.7 | 13.7 | 14. 14. 
2 72531. LGN 8:2: |. 5261113927. 1 7698 
3 4.6 | 4.3] 5.0] 4.0] 6.7] 5.4 
4 2.8| 2.1] 3.0] 3.4] 4.6] 4.7 
5 1. 2:1 || 3583 2-0 |Pese2 e328: 


Note: The ratios of the variance of estimate to the variance of 
the corresponding obtained Ey values are, respectively, .009, .094, 
.155 for the OC, HF, and LF groups. 


translated to logarithms; Fisher's method was 
then used to calculate the slope of the straight 
line of best fit for each of the three groups. 
These slopes were found to be: OC = —.2129; 
HF = —.1846; LF = —.1293. Fisher’s tech- 
nique permits the calculation of the standard 
error of each value. In making the three pos- 
sible comparisons, the only critical ratio ap- 
proaching significance was that between the 
OC group and the LF group; this ¢ was signifi- 
cant at approximately the 7 per cent level 


185 
165 
145 
125 
105 
LEGEND: 

Low — 


HIGH--- 
QC. eee 


CUMULATIVE INCORRECT RUNS 
o 
a 


5 25 45 65 85 105 125 


CUMULATIVE CORRECT RUNS 


Fic. 3. Ratio of correct runs to incorrect runs 
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(two-tailed test). In making these compari- 
sons, the error SS for the three groups were 
pooled, yielding 9 df. Since but five days were 
involved, the curves contain only five points, 
thus making the test very severe. 

Perhaps the clearest summary of the findings 
for the three operated groups is given by 
Figure 3. The three graphs represent cumula- 
tive curves compiled according to a method 
described by Gulliksen (5). The method as 
here applied consists in determining the num- 
ber of errorless runs and the number of in- 
correct runs made on each trial by all the ani- 
mals in a group. These values were added to 
the total number of errorless runs and incor- 
rect runs, respectively, made by the whole 
group of animals up to that point. This pro- 
cedure is followed for each trial until the end, 
and yields number of cumulative errorless 
runs and number of cumulative nonerrorless 
runs as the two coordinate values. Since the 
method is best utilized when N is equal for the 
groups, randomized procedures were employed 
to reduce the size of two groups to that of the 
smallest of the three. 

It will be seen from these graphs that while 
the OC and HF groups are hardly distinguish- 
able, the LF group is distinctly inferior in its 
performance, as measured by the criterion of 
errorless runs. 


DISCUSSION 


This experiment purports to be exploratory 
in nature. As pointed out above, no attempt 
was made, for instance, at precise placement 
of the electrodes, if for no other reason than 
that they might be placed in the wrong spot! 
There was no systematic attempt at adjusting 
the level of power to each individual rat. It is 
obvious, of course, that factors such as these, 
when left uncontrolled, can only add to the 
error variance. 

The pulse frequencies used have no ulterior 
rationale; we merely chose two frequencies 
that were quite far apart, thus hoping to obtain 
differential effects. While we are convinced (2) 
that impulse frequency is an all-important 
parameter in the neurophysiology of learning, 
we can at present only speculate as to whether 
it is in the nature of a direct or an inverse 
function. Thus, we note that the LF group did 


J. A. GENGERELLI AND JOHN W. CULLEN 


less well than the OC group, while the HF 
group was comparable to the OC animals. Does 
this mean that the imposed lower impulse 
frequency had an adverse effect, and the higher 
impulse frequency no effect at all? What would 
have occurred to the HF animals if we had 
used a repetition rate of 500/sec. instead of 
300/sec.? Would they have performed even 
better than the OC rats? Perhaps the impos 
tion of an extraneous stimulation on the rats 
brain merely serves to worsen its performance 
when the stimulus repetition rate is below 
some value, whereas repetition rates above 
that value have no effect whatsoever at the 
power levels used. All of these and cognate 
problems require additional experimentation: 
One aspect of the investigation that is Pe 
haps quite unsatisfactory is the use of a mare 
In an experiment where the emphasis 19 P 
marily analytical, the maze is an unnecessary 
complex instrument, which can contribu 
more than its share to the error variance. E 
experiments presently being performed, simP 
learning situations are being utilized. t 
Of methodological interest is the fact tha 
the learning curves—and that of the OC group 


in particular—could be described to 4 we 
degree of approximation by the ype A 


that the rate of improvement is constant 7^ 
trial to trial. This permits the possibility 

determining the “learning rate" for any £V y 
stimulus frequency, and of investigating € 
relationship that may exist between these tw 


variables. 


SUMMARY 


1. An experiment is described in which E 
cerebrum of the white rat is stimulated WH 
the animal is in the process of learning à maf. 

2. Two repetition rates of stimulation T" 
used, and there is reason to believe that diffe 
ential effects on maze learning were obtain? é 
although the differences never exceeded the 
per cent level of significance. the 

3. There is no reason to believe that ' , 
two stimulus repetition rates affected the SP% g 
of the learning curves, but only the consta? 
in the learning-curve equation. ._, the 

4. A method is described for calculating icol 
“learning rate" involved in any given emp" 


learning curve. 
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THE EFFECT OF ELECTROCONVULSIVE SHOCK ON FIXATED BEHAVIOR 


IN THE RAT: IL. THE EFFECT OF 
GUIDANC 
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Recently, Neet and Feldman (4) reported an 
attempt to modify abnormal behavior in the 
rat by using applications of electroconvulsive 
Shocks (ECS). They found that a series of 10 or 
25 ECS, administered one per day, was in- 
effective in causing rats to abandon conflict- 
induced, unadaptive, stereotyped behavior 
patterns on a Lashley jumping stand when 
more adaptive responses were available in a 
subsequent soluble problem situation. It was 
proposed that one possible reason for these 
negative results was that the effects of the 
shocks were masked by the difficulty of the 
testing situation. 

Studies by Maier and his students (2, 3) 
indicated that if rats that had been placed in 
an insoluble problem situation on a Lashley 
jumping stand were forced to make adaptive 
responses during subsequent soluble problem 
situations, they were almost always able to 
abandon conflict-induced stereotypes and solve 
the problem. The rats were forced to make 
adaptive responses by the E’s placing his hand 
against the rat and nudging it toward the 
correct window while preventing a response to 
the incorrect’ window. "This technique was 
designated by Maier as “guidance.” Now, then, 
since ECS applications by themselves did not 
lead to remission of abnormal behavior pat- 
terns, in this study the animals, in addition 
to receiving ECS applications, were guided to 
the correct window on 50 per cent of the trials 
during a soluble problem to help insure mastery 
of the problem. Thus, the role of ECS as an aid 
to guidance could be observed, and a more 
sensitive measure of the effects of ECS is 
provided, 


METHOD 


Twenty-four male and 23 female mature albino rats 
Were first trained in a modified Lashley jumping stand 


à research grant 
Mental 
Health 


! This research was supported by 
(MIE-376) from the National Institute of 
Health, National Institutes of Health, Public 
Service 


The details of the training procedures are described by 
Nect and Feldman (4) and are only summarized here. 
At first, the animal was placed on the jumping platform 
close to the windows and induced to go through HE 
windows to reach a feeding station on the other side. 
Gradually, the platform was moved back until the ante 
mals had to jump 8!3 in. through the closed windows: 
After this training, the rats were confronted with "e 
insoluble problem situation for 160 trials, 10 trials ae 
day. The problem was insoluble because no id 
what the rat did, it was punished 50 per cent. bj a 
time in random order. In other words, if the rat ju 
persistently to the left or to the right, or to the EE 
or to the dark window, it was rewarded 50 per E 
the time and punished 50 per cent of the time. in- 
warded response sisted of going through an A 
locked window and obtaining food on the platfor? 
behind the windows, while a punished response involv ts 
à bump on the nose and a fall toa net below. Thr an 
soon showed resistance to jumping during this ba 
cedure, but a response was forced by energizing’ 
clectric grid on the jumping platform if they failet 
respond within 30 sec. vere 
After the insoluble problem stage, the animals NS i 
divided into a shock and a nonshock group on the ight. 
of the types of responses they developed —left or TIE 
or bright or dark and the number of times that, 
response was practiced. The shock group then rece 
one electroshock per day for ten consecutiv 
a modification of the Pittsburgh shock de | 
administered a shock of 20 Ma. for 1 sec, The non? 
animals rested in their cages during this period. ying 
All animals were then returned to the jum 


e 


), which 
hock 


cree 


Fic. 1. The method of using the Plexiglas T jon? 
guided trials. Here the rat is being forced to rest 
the dark window, which is correct. 
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ECS AND FIXATED BEHAVIOR IN RATS 


Stand, wi 
ere thay were presented with a soluble prob- 
the rat tad d window was the positive stimulus, unless 
window i ba pd a stereotyped response to that 
rig ica tie nonsolution stage. In that case the 
€ rats were was correct. Also, on every other trial, 
beside the rat guided to the correct window by placing 
Vented a res a transparent Plexiglas screen, which pre- 
Published S to the incorrect window. Àn un- 
that using a 5j by Feldman and Newman (1) showed 
effect as ma exiglas screen in this way had the same 
More Sinden guidance. Since this procedure was 
might éxist b ized and obviated any differences that 
5 study eem ae it was the technique used in 
Screen ee S 1 illustrates the method of using the 
animals E keepa This procedure continued until the 
uring the E oned the stereotyped responses acquired 
Tesponse on ipselution stage and practiced the correct 
me Without z nonguided trials for three consecutive 
a total o REDE more than one error, or until they 

200 free and guided trials. 


RESULTS 


ht 

ste natant group, it was found that all 
sponses 4 " le to abandon their stereotyped 
Ut in the ^ learn the new discrimination; 
faileq to eue ock group, 1 animal out of 24 
Criterion The the problem within the 200-trial 
Not Significant. differences obviously were 
that thea sis of the learning scores showed 
67 trial ocked animals learned in an average 
ong e including criterion trials), while the 
81 trials ed animals learned in an average of 
(os ni This difference was not significant 
Stores m analysis was made of the breaking 
tha trial e breaking score is the number of 
Wereoty at which the rat first abandons its 
the wee response on a free trial during 
Studies € discrimination problem. Previous 
brea in ave shown that the magnitude of the 
Qu $a Scores was directly related to the 
lected 4 of trials in which animals were sub- 
ation (4 nma in an insoluble problem situ- 
iDsiderea herefore, the breaking score can be 
ad Ced re às an extinction index of a conflict- 
ít ifs DE It was reasoned, therefore, 
th -establishr an effective therapeutic device 
ins ad bee Ing adaptive responses in animals 
Scores i tema paar conflict, the break- 
biet [eee d animals would be signifi- 
nalysis = those of a nonshock group. 
thar’ 9f the sh. howed that the mean breaking 
The Of the hocked group was 26.5 trials, and 
is differen e rocked group was 26 trials. 

ce, of course, is nonsignificant. 


CONCLUSIONS 


The conclusions of this study are obvious 
The use of ten electroconvulsive shocks under 
the conditions stated are without any effect in 
supplementing the guidance trials in establish- 
ing adaptive responses in rats that had been 
subject to a conflict situation. Possible reasons 
for these results are that we are dealing with a 
behavior manifestation that is invulnerable to 
shock treatments, that an insufficient number 
of shocks was administered, or that the guid- 
ance technique also was too effective and 
covered any possible effect the shock might 
have had. These results suggest additional 
studies in which the duration of the shock 
series would be increased, or the conflict- 
inducing situation would be shortened. 


SUMMARY 


Forty-seven albino rats were trained on a 
Lashley jumping apparatus and subjected to 
conflict in an insolvable problem situation. 
This produced stereotyped behavior in the 
rats. Approximately half the rats then received 
one electroconvulsive shock per day for ten 
consecutive days. The control rats rested. 
Both groups were then tested in a solvable 
discrimination problem in which the rats were 
guided to the correct response on 50 per cent 
of the trials. No significant differences were 
found between the shock and nonshock groups 
for the extinction rate of the conflict-induced 
responses, the number of rats that were able to 
solve the discrimination problem, or the num- 
ber of trials required to solve the discrimination 
problem. It was concluded that a ten-day 
series of electroconvulsive shocks was ineffec- 
tive in supplementing guidance procedures to 
induce extinction of conflict-induced stereo- 
types and the acquisition of adaptive responses 
in a subsequent solvable discrimination 


problem. 
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Bec Tn 

the eects x se limited scope of studies of 
avior and oe ctomy on innate be- 
only the dipende in rats (1, 2, 3, 4, S. 6); 
Warranted in ms tentative generalizations are 
to extending respec! to its effects. With a view 
Series of studis knowledge in these areas, a 
yhophysectomv on the. behavioral effects of 

y in male rats was begun in the 


Psyche 
i logy |. 
In 1952 5y laboratory at Stanford University 


Wh; 
nesting follows 


ll me is a preliminary survey of 
Purpose: ( naze learning that had a twofold 
of hypopt a) to discover limits of durability 
daily a Sie aan rats to withstand the 
Privation Ines of thermal ‘ariation, food de- 
Considerat ie learning trials that entail a 
&Scertain a output of energy; and (b) to 
Resting ory direction of change, if any, in 
üf iid learning after hypophysec- 

N they arc males al the age of 40 days, 

Y are about midway between weaning 


and 
Bion 
xual maturity, 


ANIMALS 


albi 3i i 
à End rats of the Sprague-Dawley stram. 
i omized at the age of 40 days by the 

y Laboratories, Chicago. Illinois, were 


inte E 

Anterior a of the operation was to remove both 
Mage and posterior lobes completely without 
Sd of the animals 


te 

= to suns hypothalamus A few f 

,ortation in the combination of operation and 

poe? (E) ang "Hg laboratory 48 hr. later. Twelve 
normal controls (C) began the 


timente 
hj 8. One z 
he qi € of the E gr ns linn Noli 
of i diet of both the E group died when 89 days old. 


d horse m EJ consisted of a liberal offering 
Te (8), bane wet mash made of the Steenbock 
lence, a Chow. and fresh orange 
wo p Morton's salt ci ke was available 
m 5 ae the operations, horse meat 
a louver oregoing list. Weights were re- 
ie operatic Y all Approximately seven days 
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amined in ri 
e of testes. 
nis, par 


length all animals were ea 
Of se es tail, growth of hair. 5 
otum, and development of pe 
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aecox, 


ticularly the glans and distal cartilage. Already, diler- 
ences between operates and controls could be seen in 
all these areas, the most striking, however, being in 
body proportions and in size and position of the testes. 
Further details of the rate of differentiation of hy- 
pophysectom: Land control rats must await compari- 
sons of rats that are measured and autopsied on a day 
to-day ba following the time of hypophysectomy. 
For the present, however, a few highlights will be given 
to indicate the major trends of differences. 

Table 1 gives the mean weights of the E and C rats 
near the first and the last days of the. experiment 
proper. Each entry is based on three weighings taken on 
alternate days and centered at CA 55 and 100 days. 
Prior to the first of these, all the animals had recovered 
from dehydration incurred in shipment, and between 
the first and second weighings neither food nor water 
ation had occurred. "The asterisk. indicates indi- 
were not completely deprived of the 
anterior lobe. Figure 1 shows the disparity in size be- 
tween an imperfectly operated male w ighing 130 gm. 
after operation) and a normal control weigh- 
s hair, for the most part, was very soft 
control. However, 
| on the back, 


depriv 
viduals that 


(65 days 
ing 475 gm. Hi 
and fine as compared with that of the 
coarse guard hairs were observec 


some 

where they are most prominent. in the control. This 

operated rat increased its operation weight by approxi- 
5 days. The size of 


mately 30 gm. during a period of 
tion in the 
led us to suspec 


crotum, and the ap- 
t that a remnant 
s present. Before being sacrificed 
:oung females milar to him- 
s in estrus. This one was im- 
hours and two of the others 
Normal litters appeared from these 
psy of this male revealed sperm in 
rens, turgid seminal vesicles 
of a normal control, and 
y glands. A remnant of 
bout one-third the size 
l examinati 


the testes, their po: 
pearance of the pen 
of the anterior lobe w 
s placed with four 
[in size; one of these v 
in a few 


he 


se 

pregnated with 
within three days. 
inseminations. Autol 
and ductis. d 
large as those 
aring coagulate 
hypophysis in the sella turcica, à 
a pin head. proved on histolog 
of the hypophysis 
le with those of two m 
nd the other complete! 
bout the 


the testes 
about half 
normal-appe 


o be 


of 
anterior lobe 
testes of this ma 
al ar 
atter had testes à 


y hypophysec- 


age: one norm: ) 
e of a grain 


tomized. The | 
of wheat. 
ALL the hypophy sector 


autopsied approximately 1 
In rats B. E. and F (see Table 1) minute r 


mized rats of this study were 
75 days after their operations 
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man, Director 
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TABLE 1 
Weight Changes of Hypophysectomized and Control 
Rats at 55 and 100 Days of Age (or 15 and 60 Days 
after Operation) 


OPERATED CONTROL 
Rat Initial Rat Initial 
A 109 | 113 1 206 | 328 
B 113 | 120* 2 200 | 346 
E 109 — 114* 3 212 | 344 
D 121 | 125 4 194 330 
E 140 | 127* 5 208 330 
F | 8 | 108* 6 206 328 
G 103 | 115 7 182 | 280 
H 100 | 115 8 156 | 260 
I 115 — 122; 9 158 — 204 
I 13 | d 10 182 — 300 
€ | ur | um 


* Small remnant of anterior lobe found. 


1 No remnant found; presence inferred on basis of growth of 
reproductive tract. 


operation). 


anterior lobe were found. None was found in rat I, but 
it had sufficient growth of the reproductive system to 
justify suspicion that an undiscovered remnant was 
present. In all four, the testes were intermediate in size 
between. those of the two operated animals shown in 
Figure 2. In all, a few sperm were found in the testes, 


à " = days D? 
1. An imperfectly hypophysectomized male and a control of the same age (CA 105 days; 65 days I 
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the seminal vesicles were slightly enlarged, and the 
coagulatory glands contained a considerable amount of 
fluid. Also, the glans of the penis was better developed 
in them than in the operates which we believe were 
completely hypophysectomized. No breeding tests were 
made on any of the E group. 


NESTING 


Smith (6), in his pioneer studies of hypophysec- 
tomized rats, noted that they appear to suffer more 
from cold than their controls do. Bearing on the same 
point are studies by Richter (3), which show that 
hypophysectomized rats, when provided with thermal 
incentive and suitable materials, will build larger 
nests than normal animals. 


Method 


In the present survey we have used a relatively 
crude, naturalistic method to compare thermoregula- 
tory behavior of the E and C groups. Each rat was 
assigned to a cage of the dimensions 12 in. by 18 in. by 
24 in. In groups of four, the cages were enclosed 


as 


ina 


el 


the 
large wooden box with a glass door. At the rear E (at 
wooden box were holes for ventilati¢n, and on tol ait 
the front) was a small fan that drove a current the 
into the box. The air was directed downward alon ne 


loor rather than upon the individual cages "auc 


lass d 
E placed 


half inch of coarse wood shavings was 
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CA. TI Testes of the two males shown in Figure 
hypophy latter had testes similar in size to 4 
hysectomized male sired three litters. 


Meta 
peer aid pen cage. Over this, 60 gm. of shredded 
Were the Ren loosely strewn. The shavings and paper 
he paper Ms € materials for nest construction. 
a rat Coins M heaped up properly sufficed to cover 
Mound, Su n ; the shavings, w hen swept toward the 
tomized and ressed the pile of paper. Hypophysec- 
four-unit i ‘control rats were housed randomly in the 
às never is but the location of an individual's cage 
Using FOR from start to end of the study. 
Valker ar i h to 5-point rating scale described by 
Working A io (9), each of the present authors, 
F'atings oc mdepentdently, appraised the nests. Daily 
tempera curred between 7:30 and 8:00 4M, while low 
Probab] prevailed in the laboratory and cach nest 
an animal 1 sented the best construction achieved by 
did not tou E the night. For the first six days, 
al Büper un 1 he nests, but after the h day's ratings 
Sbreaq oy 3 as removed and replaced by new paper, 
T ici the floor as at the outset. Thus, ratin for 
of only mesh seventh days were based on fabri 
that e night, those of succeeding periods, on ne: 
Tom d s construction 
» aried from 


urc 
ably repr 


à indergone varying amounts of re 
ay xs "TM t4 
y to day. The night temperatures v 


to 64°77 i l 
Was Ds T. quring the ten-day period; daytime range 
Vas n 68° to 85°F. until 4:00 pat, when the heat 


turne N : 
ally. Ned off, which allowed the room to cool gradu- 


Results 


Figure 


3 granhi ^ 
9r th graphically represents the means of ratings 


‘day period. On the whole, the nests of hypo- 
(ed r ats were judged to be better thermo- 
the * group ES than those of the controls. More of 
ro mselves (ra sed all available paper and enveloped 
ols: a 


€ ten-da 


f ing, 4) than was the case with the con- 
ewer of 
wer of them made open-top nests, for 


also, 


1 and a completely hypophysectomized n 


x grain of wheat; they. cont 


to 
rare 
un 


male of the same 
ained no spermatozoa. The imperfectly 


given. Neither group 


ngs of 3 or less were 
est, based on records 


which ratit 
made much use of shavings. À (t 
ights, indicates that the difference 


for ten consecutive ni 


between means, favoring group E 


(p < 00D. 
Since the nes! e novo only on the 


first and. the seventh nights, one cannot adequately 
compare the two groups in regard to persistence of 
nestbuilding. Tt may be said, however, that some re- 
construction. usually took place each night, and that 


ant 


, is clearly signif 


were constructed di 
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Fic. 3. Nests constructed by hypophysectomized 


and control rats (beginning at CA 58 days; 18 day 
post operation). Group means are based on averages 
of the ratings by two independent observers. 
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the operates as a group did more of it than the controls 
(note rise in graph of group E). 


MAZE LEARNING 


At the end of the nesting study, we started pre- 
liminary training for the water mazes. This consisted 
of three swims daily for three days down a 10-ft. straight 
alley with metal walls 14 in. high and about 6 in. above 
the water line. The temperature of the water, as well as 
that of the room, was maintained at about 75°F. Re- 
tracings were permitted, but the rat could not leave the 
alley except at the distal ramp. About 5 or 6 min. 
elapsed between trials. While waiting the Ss were kept 
in a warm cage. 


Maze 1 


The floor plan of this four-unit swimming maze is 
shown in Figure 4. Each unit is 38 in. long (outside 
measurement) and an alley is 5 in. wide. Gates limit 
retracings to a single unit. Water was maintained at a 
depth of 8 in. and at a temperature of about 75°F. 
Each rat received two trials daily, with an interval of 
from 10 to 15 min. between swims. While waiting they 
were kept in warm containers. The trends of learning 
by the E and C groups are presented in terms of for- 
ward-going errors for 26 trials. There was little dif- 
ference between the means for the first ten trials, but 
thereafter improvement by the control group exceeded 


G 


S 


w 


6o 


ERRORS 


DAYS 


> seen : E is ginning 
Fic. 4. Maze learning as indicated by forward-going errors (beginning 
1 and 2 are 4-choice swimming mazes; Maze 3, 


Mazes 
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that of the hypophysectomized group. This reflected a 
greater tendency on the part of some of the E group to 
stereotype their wrong choices. Whether stereotypy of 
errors among the E group arises from some unfavorable 
emotional aspect of their motivation, rather than from 
a true difference in learning capacity, is a question that 
cannot be answered from the data now available. This 
factor of "fixation" also accounts for the E group's 
having a lower mean for perfect trials (5.3 for E vs. 
9.6 for C). This difference is consistent with the trend 
of error scores, but is barely short of significance at the 
.05 level. The group difference for the totals of forward- 
going errors, tested by /, is significant at the .05 level. 


Maze 2 


This swimming maze (see Fig. 4) combines chara 
teristics of the T and the Warden U maze. Its dimen- 
sions are approximately the same as those of Maze 1. 
It was placed at the end of the water tank directly 
across from Maze 1. Thus, some extramaze objects 
within the animal’s range of vision would ap] 
places when it began the trials on Maze 2. The door 
limited retracings to one unit. 

One day after the last trial on Maze 1 
were started on Maze 2 without any preliminary tra: 
We desired to introduce a sudden change of maze pat- 
terns in which both positive and negative transfer 
factors would operate. ‘Three trials daily were given: 
Again, approximately 10 to 15 min. elapsed between 


ic- 


3 
MAZE?2 


c— 
E -— 


ERRORS 


ERRORS 


Í 2 3 4 5, 


DAYS 


at CA 72 days; 32 days post opere dá 
row-tread elevated maze (Miles type 


ration). 


an 11-choice, nari 
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indivi r 
^oc aral trials, The graphs of Figure 4 are based on 
ment ate errors. As is evident, the rate of improve- 
hypophysect control group was superior to that of the 
ay. The ee rats, beginning with the second 
for E and aa aay of errors for 24 trials was 25.2 
e .001 e. ei C. This difference is significant at 
D C but th roup E made slightly more retracings 
mean numbé e difference was not significant. The 
nificantly bo perfect runs of the controls is sig- 
oe vs. 6.9). er (p < .01) than that of the E group 

S Wi 
Eu Maze 1, the performance of the E group was 
Errors, Also, b y more of the persistent, stereotyped 
showed mor y the third trial each day, most of them 
nner of Ro uamistskeble evidence of fatigue by their 
may be imming than was shown by the controls. 
Closely 5 presumed that the three swims on this maze 
Pproached their limit of physical endurance. 


Mos s 


, An 

ton uas narrow-tread maze (Miles type) was 
0 strength © provide a situation in which a difference 
BeOUs to Sem physical vigor would not be disadvan- 
: mal to pe operated rats. This maze also permits an 
Undamental rceive in advance of a choice point the 
that ends z differences between an arm of the maze 
way. B thin air” and one that forms a continuous 
Converts ieee ee to this detail the rat virtually 
a mination E ed pattern of the maze into a serial dis- 
azes has he pparatus. Ordinarily, the mastery of such 
alley mazes = found to be more rapid than mastery of 
a8: two nie similar pattern. For preliminary train- 
"n in Sont rs 3 and one 6 ft. long) were set end to 
ch the s of the open door of the home cage from 
N this Ne os had been temporarily removed. 
sina Dae and the following foods: wet mash, 
BS ds, eae orange, lettuce, carrot, and sunflower 
the hr. bete and food were removed from the home 
Patak i training began. Under this condition 
dai heh of water or food immediately on ar- 
Was) for (hid de. cage. Each animal had five trials 
in. ect at right ays. On the third day, the short unit 
tats om the dist pr to the long one and about 10 
wig, LO al end. This was done to acquaint the 
the ) that whi re that ends in “thin air” in contrast 
to home he ch continues to the goal. Orientation of 
tial so BER in the laboratory was varied from trial 
fop 36 room ts minimize attention to specific objects 
i at might later on afford directional cues 

Dee Mas the maze. 
cage Sees animal had one trial daily. If it ap- 
bai. On i at the rat would not reach the home 


n its : 

theat Was 3e trial because of persistent retracing, à 
Vane, Petracin ced on the runway, where needed, to 
Wag “Ment qub this place and thus to encourage ad- 
Er ue) pi ege Beyond trial 1 this barrier 

o s Data for ei ht tr 4 represents the forward-going 
found ificant ES trials, the limit of this experiment. 
than The cont: erence in rate of error elimination was 
Son, E rols were somewhat more sure-footed 


ty Ope: : 
iniuste red animals, but as a rule they did not 
"oet at the US in shorter time. Both groups, OP 

er wig OMe cage, sampled water and food. This, 
Promptness of starting and absence of 
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exploratory excursions during the runs, suggests that 
motivating conditions were effective for both groups. 
Whether or not there was equality, however, cannot E 
inferred from the evidence at hand. Noteworthy and 
possibly significant, was the absence of stereotypy of 
OR turns on the part of the hypophysectomized 
rats. 


COMMENTS AND RECOMMENDATIONS 


The Es were happily surprised to find that 
the hypophysectomized rats in individual 
cages were able to withstand night tempera- 
tures ranging from 48° to 64° F. with the aid 
of nests that they constructed from the raw 
materials provided them. The results lend 
support to the hypothesis of Richter (3) that 
greater nesting on the part of the hypophysec- 
tomized rats is a compensatory adjustment 
instigated by greater need of heat because of 
their lower metabolic rate. This hypothesis 
would be strengthened, however, if it were 
known that no nesting occurs when tempera- 
tures pass above a specific range (e.g., 90° F.) 
and that cessation on the part of the controls 
occurs at a lower temperature than with the 
operated rats. Also, it would be strengthened 
if in individual tests of thermal preference, in 
a long, narrow cage having a thermal gradient 
ranging from about 60° to 100°F., the hy- 
pophysectomized rats tended to spend more 
time or lingered in and came to rest nearer the 
upper limit than the controls did. These and 
still other tests must be made before one can 
confidently endorse the conclusion that su- 
perior nesting on the part of the hypophy- 
sectomized rats denotes the working of an 
innate homeostatic mechanism for heat regu- 
lation. At present, nevertheless, we incline 
toward this viewpoint. 


Although the results from our three mazes 


are not in perfect accord, the following state- 


ments regarding hypopbysectomy of 40-day 
rats appear to be warranted: (a) learning rate 
is not improved by this operation; (6) when 
performance is impaired, the amount is small 
and highly variable from individual to indi- 
vidual; and (c) greater fatigue or unpleasant- 
ness associated with maximal physical exertion 
may have instigated and “fixated” more errors 
on the part of the operated rats, thereby 
causing inferiority that does not truly reflect 
their ability to learn under more favorable 


circumstances. 
Data from previous publications on hy- 
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pophysectomized rats do not warrant dissent 
from the foregoing statements. Burnham and 
Leonard (2) reported that the mean for reverse 
learning of a simple black-white discrimination 
by three males, beginning 10 days after hy- 
pophysectomy at age 40 days, was about the 
same as that for the same number of controls 
and pseudo-operates. In our opinion, no con- 
clusion can be drawn from their report on 
seven females, tested six months after hy- 
pophysectomy (age unspecified), because of the 
absence of appropriate control data. 

Further studies of learning, following total 
and partial hypophysectomy, are needed. In- 
spection of our records of four incompletely 
hypophysectomized males did not reveal any 
differences between them and the other oper- 
ates in either the nesting or learning situa- 
tions. From so few cases, however, no conclu- 
sions are warranted. Further study is justified 
on the ground that with partial hypophy- 
sectomy one has to keep in mind the sexual 
component of motivation that is absent or 
minimized in the others. This sexual compo- 
nent may be accompanied by greater strength 
and endurance. Noteworthy also in this con- 
nection is the fact that no study of learn- 
ing has been reported on rats with only the 
anterior or the posterior lobe alone removed. 
The standard operation removes both lobes. 
In the living animal a diagnosis of total ver- 
sus partial hypophysectomy usually rests on 
signs that pertain only to functions of the an- 
terior lobe. Possibly, remnants of the posterior, 
as well as the anterior, lobe may play a sig- 
nificant role in the motivation of learning 
behavior in certain situations. 

Other variables in need of study pertain to 
the age of hypophysectomy and length of 
interval between operation and time of testing. 
Introduction of these variables can be justified 
on theoretical if not on experimental evidence. 
Possibly, to cause learning impairment, an 
operation must be performed prior to the time 
cell division in the cerebral cortex has ceased, 
i.e., before 22 days of postnatal life. Also, it is 
possible that several months should intervene 
between operation and the time oi testing so 
that secondary disturbances that may in- 
fluence cortical functions will become maxi- 
mally effective. 

Several types of learning beyond those herein 
used should be investigated. From our survey 
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it is evident that tasks requiring a considerable 
expenditure of energy may be employed. Our 
hypophysectomized rats were very active. 
Their alertness resembled that of normal rats 
30 to 70 days old. We believe that hunger and 
thirst may be employed in motivation if 
recourse to long periods of deprivation (20 to 
30 hr.) is avoided. Our animals appeared to be 
well motivated in the water maze, with tem- 
perature at 75°F. No doubt this kind of moti- 
vation can be adapted readily to discrimination 
learning, detour problems, delayed reaction; 
reasoning, etc. In short, our survey suggests 
that many types of learning problems are both 
feasible and desirable. 


SUMMARY AND CONCLUSIONS 


The results of this survey would seem te 


support the following statements: T 

1. Male rats that are hypophysectomze 
when about midway between weaning Eo 
sexual maturity build superior nests, On E t 
average, than do controls of the same ai E 
temperature ranging from 48? to 64° F. Th ; 
supports Richter's conclusion that the behav1o 
is a compensatory adaptation prompte be- 
their greater need of supplemental heat 
cause of a lower metabolic rate. 

2. The hypophysectomized rats as 2 gu 
were slightly inferior to their controls 1n 6^... 
ing two swimming mazes, but not sign! 
cantly different from the controls in learning - 
relatively simple elevated maze. Inferiority a” 
the water mazes arises from greater “fixatl? i 
of errors by the hypophysectomized rats. this 
unanswered is the question as to whether 5 
arises from some adverse emotional 
rather than from a true inferiority in lea" 
ability. tha 

3. The present survey clearly shows ive 
hypophysectomized rats are sufficiently a ony 
and hardy to undergo most of the labora" s 
tests ordinarily imposed upon normal ar 
studies of innate responses, drive, learn! of 
discrimination, or the so-called higher 
cerebral functioning. 


nin 
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GASTRIC FACTORS CONTROLLING WATER- AND SALT-SOLUTION- 
DRINKING 


ELIOT STELLAR, RAY HYMAN, anv SHERWOOD SAMET 
The Johns Hopkins University 


In the search for physiological mechanisms 
regulating thirst and specific hungers, much 
emphasis has been placed on the role played by 
sensory impulses arising from the mouth and 
throat. While there are some data to support 
this emphasis, it is also clear that important 
contributions to the control of these types of 
motivation arise in other parts of the body: 
the stomach, the blood, and the central nervous 
system, to name the most obvious ones, 

The present investigation is concerned with 
the role of events originating in the gastric 
tract in the management of water drinking and 
the drinking of salt solutions. Some direct 
behavioral studies already indicate that water 
drinking may be inhibited by the mere presence 
of water in the stomach (2). Other more 
physiologically oriented data suggest that the 
relationship of drinking behavior to different 
concentrations of salt solution may be governed 
by variations in the capacity of the gastric 
tract to handle these concentrations, Experi- 
ments on the rate of absorption of various salt 
solutions placed directly in the duodenum, for 
example, show that maximum absorption oc- 
curs with approximately isotonic solutions, and 
falls off as the concentration of solution is 
both increased and decreased (5). This ab- 
Sorption curve very Strikingly resembles the 
preference-aversion curve of the normal ani- 
mal for sodium chloride, and Suggests the 
possibility that the rate of absorption of solu- 
tions from the duodenum might have some- 
thing to do with preference and aversion. 

Perhaps even more significant is the fact 
that the ability of the stomach to dispose of 
Solutions is also determined by the concen- 
trations of such solutions (3), Normally, the 
stomach operates to render solutions isotonic 
(0.9 per cent NaCl) before passing them on to 
the duodenum, Although the stomach does not 
Perform this function with perfect efficiency, it 
does close the pyloric sphincter when stimu- 
lated by strong solutions, Furthermore, if any 
hypertonic solutions do escape into the duo- 


denum, they may be squirted back into the 
stomach by a reversed peristaltic action. a 

Finally, the possibility that some action i 
solutions on the gastric tract might be w 
portant in drinking behavior was also sa 
gested by the shape of curves showing the 1: al 
of intake as a function of time (8). In genera; 
it was found that the rate of drinking "i. 
solutions is essentially the same for about s 
minutes. Then, in the case of hypertoni ht 
lutions, drinking abruptly ceases. In the Sie 
of the physiological data, it is a rr. 
hypothesis that it is the gastric effects o 
strong solutions that inhibit drinking. sary 

Tn order to check this point, it was neces the 
to get various solutions directly into 5 
Stomach and circumvent the sinus ME 
taste and other mouth receptors. This en ied 
achieved by means of a stomach-tubing e 
nique described below. Then the experitens 
design simply became to measure the rate kr 
“mount of drinking of water and of salt $ ate 
tions after loading the stomach with Wi 
and various salt solutions. 


METHODS 
Animals 


the 
Thirty-six adult male rats, descendants of rd 
Lashley strain, were used in the experiments TePo for. 
here. Twelve rats were used to obtain the basic p fist 
ence-aversion function. Ten were used m eat Jast 
stomach-loading experiment, six were used in. a pt 
two loading experiments, and eight were used in 2 ^. 
liminary study of drinking by animals prepare 
esophageal fistulas, 


Measurement of Drinking E 


re 

All measures of water and salt solution intake 5 d 
obtained by the single-stimulus method drinki” 
previously by Weiner and Stellar (8). Each ¢ n 66 
test was introduced by 16 hr. of water deprivatio’ ims! 
test itself lasted 1 hr., during which time the inking 
had no food but was offered a single graduated phe 
cylinder containing water or some “alt solution were 
after a 2-hr. rest without food or water, the ra pelle? 
given tap water and Purina Laboratory Choe me. 
for a 5-hr. maintenance period. At the end of the rol 
tenance period, the water was removed, an 
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wW 4 5 
Ron with food overnight for the next 16-hr. water 
mu um the fluid intake during the 1-hr. testing 
e the 5-hr. maintenance period was recorded. 
Period w, necessary, drinking during the 1-hr. testing 
esu as recorded at 5-min. intervals to give a 
re of the rate of drinking. 


Stomach Tubing 


A i: 
Used pee Soria ae French rubber catheter was 
- ronds uce solutions directly into the stomach. 
lermic s ing end of the tube was attached to a hypo- 
de Ves ETE loaded with some solution. The tapered 
gently p was then dipped in mineral oil and removed 
Tat was s aintain a large drop of oil on the end. The 
Over a ri gaa for tubing by hooking its upper teeth 
Pulling RE metal loop attached to a ring stand and 
loop, With d, on the lower teeth with another metal 
tube was pee mouth gently but firmly held open, the 
en stim pene directly to the back of the tongue. 
and the ate ated by the drop of oil, the rat swallowed 
Was facilitat was inserted. Its passage into the stomach 
Tex, Car ted by the mineral oil and the swallowing 
Bone dow, € was taken to be certain that the tube had 
ution n far enough to be in the stomach before 
o pas passed. 
tubin; Hw ons tubed the rats in this study, but one-man 
ic syri be accomplished by mounting the hypo- 
Pedal devi nge in a ring-stand clamp and using a foot- 
after rats ce to pull down on the lower teeth. In fact, 
nly to ima habituated to tubing, it is necessary 
through 09k the upper teeth and insert the tube 
€ side of the mouth, behind the teeth. 


e 
ro for Tubin, g 


1X of 
ace Use, 2n a used in the first loading experiment 
tuting, On check out the effects of tubing on water 
ing, Passi successive days, they were tested after no 
3 be) » admi ng a tube but not administering fluid (dry 
nd .ninistering 3 cc. of water through the tube, 


mj . 
T Inistering 3 cc, of 3 per cent NaCl. 
“ealments 


In the 
the function ie investigation, drinking was studied 
loa, Solution en five treatments: (a) concentration. of 
wed into kl (b) concentration of the solution 
So on Sinks stomach, and concentration of the 
the tion loaded ; (c) volume and concentration of the 
tiny Solution d into the stomach, and concentration of 
loading, ono (d) delay between loading and 
tion "d into ime and concentration of the solution 
miny tunk; [gai and concentration of the solu- 
soph, any Age ee Gus of the solution drunk 
i Theal e gastric effects (animals with 
oag: © co s 
“din, d quirations, volumes, and delays between 
op) inking are given below with the results. 
; eg Fistulas 
NS = Preliminary stud d 
Mtro ulated study, four rats were used aS 
S. The o Preparations, and four were used as 
Perations consisted simply of exposing 
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the trachea and freeing the underlying esoph: 

about 2 cm. Then the esophagus vas tied off uud 
cal silk as close as possible to the sternum and severed 
just above the knot. The free end of the upper esophagus 
was secured by two long loops of surgical silk passed 
through the cut opening, through the lining and wall of 
the esophagus, and out the side of the esophagus about 
2 mm. above the cut end. The neck was then sutured 
except for a small opening in the mid-line just above 
the level of the thyroid gland. By means of the two 
loops of surgical silk, the esophagus was pulled gently 
through this external opening and attached to the skin 
by four or five separate sutures. 

The animals used in this part of the investigation 
had been on the single-stimulus regime just prior to 
operation and could be tested with different solutions 
on the morning following operation. Four 1-hr. tests 
were run each postoperative day at intervals of 2 hr. 
Then at night, the animals were maintained by injec- 
tion of 10 cc. of 5 per cent glucose intraperitoneally and 
5 cc. subcutaneously. Following injection, they were 
left overnight with two graduated cylinders, one con- 
taining water and the other a salt solution. 

The four control animals were used to check only 
one point—the effect of thirst on the drinking of 1.5 
per cent NaCl. They were deprived of all food and 
fluid and maintained by nightly injections of glucose. 
At the end of four days, they were all tested for 1 hr. 
with a 1.5 per cent NaCl solution. 


RESULTS AND DISCUSSION 


Concentration of Solution Drunk 


The mean fluid intake of 12 rats, plotted 
against the log of molar concentration of NaCl, 
yields a. typical preference-aversion function. 
The ascending or preference limb of the func- 
tion is positively accelerated and reaches a 
maximum between 0.7 per cent and 0.8 per 
cent NaCl. The descending or aversion limb is 
a very slightly decelerated function, nearly 
reaching a zero point at about 4.0 per cent 


30| 


MEAN FLUID INTAKE (cc) 


20 25 10 00 


LOG MOLAR CONCENTRATION NoCL 
Fic. 1. The preference-aversion function for sodium 
chloride, showing the intake of water and various con- 
centrations of salt solution 
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NaCl. Since a log scale of concentration is 
used, mean intake of water or zero concentra- 
tion of salt is shown as a horizontal line. As- 
suming from previous experiments (1, 6) that 
the normal rat drinks the same amount of 
0.01 per cent NaCl as it does of water, the 
ascending limb is made asymptotic to the water 
line at this concentration on the log scale. The 
final point to note about the preference- 
aversion function is that the descending limb 
intersects the water line at approximately 1.5 
per cent NaCl, yielding an indifference point. 


Control for Tubing 


The process of passing a stomach tube into 
an animal will produce a slight depression of 
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Fic. 2. The effect of 3 
NaCl tubed directly into the 


oo 


-cc. loads of water, 0.9 per 
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CUMULATIVE MEAN INTAKE (cc) 


TIME IN MINUTES 
Fic. 3. The effect of w 
loads of different cal ot water and 3 per cent NaCl 


‘umes introduced directly į 
Stomach on the rate 2nd total intake of Web. er, 
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subsequent drinking, but not enough to mask 
the effects of loading different solutions into 
the stomach. Thus, in the control tests run 
here, six rats averaged 11 cc. of water in 1 hr. 
when not tubed, 8.5 cc. following passing a dry 
tube, but only 6.0 cc. when loaded with 3 cc. 
of water. When 3 cc. of 3 per cent NaCl were 
introduced, the rats drank slightly over 13 cc 
in the one-hour period. 


Concentration of Loads 


The results of this part of the experiment 
show that 3-cc. loads of different concent d 
tions affect the drinking of water and yer 
salt solutions differently. Taking into accoun 
all the solutions the animals were € 
(water and 0.5, 0.7, 0.9, 1.5, and 3 per Cr. 
NaCl), one can see from Figure 2 that of 
3 per cent NaCl load increases the intake 0° 
water and hypotonic salt solutions anc ns. 
presses the intake of hypertonic solutio ke 
Conversely, the water load depresses the inta*” 
of water and hypotonic salt solutions an nic 
creases the amount ingested of the hyperto an 
solutions. The 0.9 per cent NaCl load has 0- 
intermediate effect on the drinking of pi 
tonic and hypertonic solutions; but it produ. 
more drinking of isotonic solutions than elt 
the water or the 3 per cent load. 

Put another way, the 3 per cent NaCl 
shifts the maximum of the preference-ave i 
function toward the low concentrations, V? h 
the water load tends to shift it toward the ^ 
concentrations. This interpretation is show? -4 
the free-hand fit of the data points show? ts 
Figure 2. Other interpretations of these ert 
may be possible, but the fits used here "(d 
based on two independent considerations: jo? 
the general shape of the preference-ave En 
function shown in Figure 1, and (b) making at 
the curves asymptotic to their water ine of 
the preference “threshold” concentratio? 
0.01 per cent on the log scale. 


load 
rsio? 


Volume of Load 


Three noteworthy results came from loadin 
the rats with 0.5-, 3.0-, and 10.0-cc. volume? ç, 
different solutions. The first is that the 9 ef 
loads of various concentrations (water, 9: he 
cent NaCl, and 3 per cent NaCl) produce gio? 
same relative effects on the preference-ave' z o? 
function as did the 3.0-cc. loads. The eite th? 


water drinking are shown in Figure 3, 
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GASTRIC FACTORS CONTROLLING DRINKING 
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aa 


IMMEDIATE 
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TIME IN MINUTES 


Fy 
he 
li Ad 10-cc, loads of water and 3 per cent 
Me relat; 
Me ici kinds of effects were obtained 
the Oer s drank 0.9 per cent, 1.5 per cent, 
the Osten ed NaCl, Although the effects of 
mse of th oads are not usually as marked as 
et anism 3.0-cc. loads, it is clear that the 
re itive to controlling drinking behavior is 
Aced gi very small amounts of salt solution 
g The nad in the stomach. 
hera] A point is that the 10.0-cc. loads in 
ir : j rant to depress drinking to very low 
DN e Bn of the concentration loaded 
[m mes of fl ration drunk. Apparently, large 
thay 28 et MR stomach will inhibit 
thing Might ties solutions are introduced 
he, Point is ipud increase drinking. The 
tereg. 10.0 cc he one exception to this rule. 
they and the of 3 per cent NaCl was adminis- 
for ' Average Hee were allowed to drink water, 
h over 18 cc. in their water intake 


the J o 
e g, One- ; 
thi. "hour period (Fig. 3). In this case, 


st 
Produced by the large volume of 


G. 4. T 
he effect of a 20-sec. delay (immediate) and a 1-hr. delay between tubing an 
NaCl are introduced directly into the stomach 


d water drinking when 


strong salt dramatically overcame the de- 
pressing effects of volume alone. So volume 
may tend to depress drinking, but it is not 
necessarily a limiting condition. 


Delay between Loading and Drinking 


Only one definite effect of varying the delay 
between loading and drinking shows up in this 
study. The first 10 to 15 min. of drinking after 
the 20-sec. delay (immediate) is always de- 
pressed when compared to the initial drinking 
following a 1-hr. delay. Figure 4 shows this 
effect only in the case of water drinking, but 
the same thing shows uP when the rats are 
tested with, 0.9, 1.5, and 3.0 per cent NaCl. 
That this depression of drinking depends upon 
the volume of fluid still in the stomach at the 
time of drinking is suggested by the fact that 
depression of drinking is much 


the initial 
greater with the 10.0-cc. loads than it is with 


the 3-cc. loads. Apparently then, there is some 
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immediate depressing effect of a load intro- 
duced into the stomach that dissipates with 
time. 

Despite these differences between the im- 
mediate and 1-hr. delay conditions, different 
solutions still produce their characteristic 
effects on drinking, regardless of which delay 
is imposed. Within 5 min. after the start of 
drinking, for example, 3 per cent NaCl loads 
produce more drinking than comparable water 
loads, whether the delay is an hour or 20 sec. 
(Fig. 4). So it appears that the various loads 
can produce their characteristic effects on 
drinking almost immediately, but yet these 
effects may persist for at least an hour. 


Elimination of Gastric Factors 


Two clear points come out of the study of 
animals prepared with esophageal fistulas. In 
the first place, when these animals were tested 
with water and with 0.7, 1.5, and 3.0 per cent 
NaCl, they showed the ascending and descend- 
Ing preference-aversion function. Thus, it 


aversion curve, 


The second point is that the fistulated ani- 
mals drink much more of the hypertonic so- 


Interpretation 


Taken together, the resul 
ments 
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curve. These gastric factors may be we d 
operation by as little as 0.5 cc. of solution, an 
may take effect within 5 min. after ingestion 
Yet the effect may last for as long as an hour. 
What the gastric factor controlling drinkin 5 
behavior may be is suggested by the experi- 
ments of McCleary (4). Working with sugar 
solutions, he found many of the effects sbong 
in these experiments. He was further able f 
suggest, however, that hypertonic E. 
introduced into the stomach produce E 
effects on drinking by pulling water into by 
stomach by means of osmotic pressure, there t 
dehydrating the animal. As a matter of E 
he showed that the stomach need not be a 
volved in the dehydration mechanism, , " 
hypertonic solutions introduced directly in 
the blood stream have the same ec 
hypertonic solutions introduced be ani- 
Stomach. Not only that, but dehydrating me 
mals by water deprivation will have the ill 
effect on the preference-aversion curve as 
hypertonic solutions introduced into ater 
stomach—i.e., elevating the drinking of 
and hypotonic Solutions, and depressing 
drinking of hypertonic solutions. _ cha- 
Despite the fact that the dehydration se in 
nism can be brought into play without invo V 
the stomach directly, it is quite clear HAS 0 
Stomach normally operates in the conton 
the drinking of the normal animal. For in 
thing, the ability of fistulated animals to d 
large quantities of hypertonic solution M; 
severely dehydrated points to the import y 
of the stomach in the inhibition of dr 
hypertonic solutions by the intact amy, 
under the same circumstances, Second, ic 
major dehydrating effects of the hype! ced 
Solutions an anima] drinks must be prodit, 
by the ability of these solutions to pull w 09 
into the Stomach, for their effects occur i) 
Soon for them to depend upon absorption d, if 
the blood stream from the duodenum. Tae 
hypertonic Solutions do actually pull W^, 
into the stomach, they not only dehy drate ach 
animal, but they also may stretch the st0™ e 
enormously. In fact, direct observation of al 


-exposed stomach of an anesthetized E 
e 


tubed with hypertonic solution shows de 
the rapid Swelling of the stomach. Thu icio 
of the inhibiting effects of hypertonic So 5 
co! 

* Sussman, K. E., & McCleary, R. A. Personal 
munication. 
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GASTRIC FACTORS CONTROLLING DRINKING 


ma ; 
le pe able to the depressing effects of 
Volume of p fluid in the stomach. The 
ea limitin uid in the stomach cannot always 
drinks is condition in how much an animal 
elevate E nA , for hypertonic solutions 
nic soluti, rinking of both water and hypo- 
Epress e at the same time that they 
? dehydrati rinking of hypertonic solutions. 
Powerful vol on must still play a unique and 
havior, e in the regulation of drinking 
th b pue is complicated, but it is clear 
Contro] A, s behavior is under multifactor 
t S factor we now have some idea of what 
and deh n. must be: taste, gastric distension, 
fect of Tation normally produced by the 
eR th ae a solutions on the stomach, 
tat ig GSS produced. Thus, when the normal 
k Concent with water and an increasing series 
havior ations of salt or other solutions, its 
follows; ^ must be regulated somewhat as 
tetermine 2 E of the drinking of water must be 
cncentrati y dehydration. With an increasing 
thee dehy dn Series up to the isotonic point at 
tis o eae plays some role, but taste 1s 
an te stimulati actor such that the stronger the 
creasing on, the more the drinking. With 
series of hypertonic solutions, 


ty, à 
Qtr, edect in the mouth (pain?) that 
ding to the progressive inhibition of 


o ; 
Ing the progressive depression of 


fa, Tésum 
D E t the contributions of these many 
hi > Since tegrated in the central nervous 
al must dn is here that the response of the 
fat S controlled. The best hypothesis 
Dos, 5 must EE is that such central nervous 
à ‘bility is le in the hypothalamus (7). This 
me, ROW being checked by direct 


we Tole of SUMMARY 
tiong. drinki gastric factors in the control of 
E m, às bes and the drinking of salt solu- 
ie xn studied experimentally by ? 
o introd technique that permits the 

Ach uction of solutions into the 


of 
€ rat, without involvement of 
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taste and other mouth receptors. Five experi- 
mental treatments were imposed on the 36 
animals used in this investigation: (e) variation 
in concentration of solution drunk; (6) vari- 
ation in concentration of solution loaded into 
the stomach and solution drunk; (c) variation 
in the volume and concentration of gastric 
load and concentration of solution drunk; (d) 
variation in the delay between loading and 
drinking with different volumes and concen- 
trations of gastric load and different concentra- 
tions of solutions drunk; (e) variation in con- 
centration of solution drunk without involve- 
ment of any gastric factors (animals with 


esophageal fistulas). 
The results of these experimental treatments 


are as follows: 

1. Drinking increases as a function of con- 
centration of solution drunk up to the isotonic 
point, and then it decreases (preference- 
aversion function). 

2. Hypertonic loads elevate the drinking of 
water and hypotonic solutions, and depress the 
drinking of hypertonic solutions. Comparable 

the drinking of water and 


water loads depress ater 
hypotonic solutions, and elevate thedrinking of 


hypertonic solutions. 

3. Volumes of load as small as 0.5 cc. affect 
drinking as described in (2) above; but volumes 
as large as 10.0 cc. tend to depress drinking 
under all conditions except where 3 per cent 
NaCl is loaded and water is drunk. In this one 
condition, drinking is elevated dramatically. 

4. Making animals wait for 1 hr. between 
inking yields substantially the 


loading and drin anti: 
same result as allowing them to drink immedi- 


ately after loading. PF 
hageal fistulas exhibit 


5. Animals with esop j i 
reference-aversion curves for sodium chloride; 


put their ingestion of hypertonic solutions is 
much higher than that of control animals, 
ointing to the inhibitory role of hypertonic 
solutions in the stomach in the normal animal. 
These results are interpreted to show that 
and the drinking of salt so- 


water drinking 
lutions are under the control of at least three 


factors: taste and other sensory mechanisms in 
the mouth, gastric distension, and dehydration 
produced by the osmotic effects of hypertonic 
solutions on the stomach. ‘The ascending limb 
of the preference-aversion is partly a matter of 
response to dehydration, but, more particu- 

g response to increasing 


larly, js an increasin 
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taste stimulation. The descending limb is 
partly due to negative stimulation of the 
mouth, but is largely the result of the increasing 
inhibition of drinking produced by increasingly 
hypertonic solutions in the stomach. 
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F 
OOD INTAKE OF THE RAT FOLLOWING THE INTRAGASTRIC 


ADMINISTRATION OF “HUNGRY” AND 


PAUL S. SIEGEL 


University of Alabama 


It ha 
s 
"mona cen suggested that hunger may be 
Privation esencia in the sense that: (a) food 
blood st accompanied by the build-up in 
Unger (up eam of an agent capable of exciting 
estion or fo "ug hormone), or (b) the in- 
shibiting h od releases an agent capable of 
v9. d en cd (“satiation” hormone) (3, 
as freuen er article by Siegel and Taub (9) 
Pothesis, Tt. evidence negative to this hy- 
Ubsequent iens shown that the immediately 
i titoneally ood intake of rats injected intra- 
a -deprive Sas blood serum drawn from 
d als simil donors was equal to that of 
awn fro arly injected with blood serum 
NU sim satiated donors. 
Ne, First n of the present study is a dual 
ot ^t for Soha nature of the statistical argu- 
(M e ae dictates a repetition 
Aga method, study, employing the same 
m Nisterin oe . Second, the effect of 
ether assi 8 the hypothetical blood agent via 
Yami; P Imilation cha l m 
of gation. It i annel seems worthy of 
Das. is conceivable that the findings 
Aten, TSt experi : 
bos tera] a Bele are a function of 
ithe ninistration. In the present ex- 
intragastric route was utilized. 


METHOD 


© hundre 
im m ad thirty-nine male albino rats of the 
qs wip Yed us SE in age from 82 to 114 days, 
te Dris a mean s. Weights ranged from 180 to 401 
tipi, Ped thi value of 281 gm. Seventy-one animals 


“Dig e 
ined" Since y. or group. The remainder served as 
pihe Biting TaS all animals had been main- 
Rh Uho form Laboratory Chow checkers. In 
tre tato eee this is the “food” referred to 
m Xperiment. The temperature of the 


q Hir ative Yu 
" er hale 
bog tifceg’ 

Driya od in 
Vation (uie following manner: After 24 br. of 
or minus 10 min.) with water 


the S arch 
Wh. Kgk o übported m part by a grant 
Committee of the University of 


AND 


“SATIATED” BLOOD! 
LAYTON B. DORMAN 


Emory University 


present at all times, each animal was surgically anes- 
thetized in a procedure standardized in preliminary 
observations. The rat was placed under a bell jar with 
an ether-soaked wad of cotton contained in an inverted 
screen-wire basket. There S remained for a 3-min. 
interval following the loss of all startle response to a 
loud tapping on the exterior surface of the jar. Paren- 
thetically, the loss of “consciousness” in this situation 
is remarkably constant from animal to animal. In our 
study, this interval ranged from but 2 to 5 min. The 
rat was removed from beneath the jar, and the heart 
was exposed by sectioning the ribs and diaphragm on 
the left side. A direct heart puncture was made with a 
hypodermic syringe (20-gauge needle), and blood was 
withdrawn in the amount of 5 to 9 cc., transferred im- 
mediately to & shallow Pyrex dish, and defibrinated. 
The serum was then centrifuged for approximately 20 
min., and the supernatant fluid was drawn off. This was 
added to a total serum pool that was kept stoppered 
and refrigerated at 5? to 7°C. for approximately 4 hr. 
before utilization. The latter subgroup was treated in 
identical fashion after ad libitum feeding (and drinking). 

The recipient animals were given the experience of 
four days' ad libitum feeding from nonspilling food 
and then randomly divided into two subgroups. 
he oral intake of the serum, all animals 
d water-deprived for 24 hr. (plus or minus 
2 min.). At the end of this interval, serum (at room 
as offered in a drinking tube, and a 10- 
tted. Approximately 
offered 3 cc. of “hungry” 


cups, 
To assure t 


of 35 animals belonging 
of 33 belongini 
criterion (tota 


and were 

absorption period, a weighed food cup was placed 

within the cage of each of the qualifying animals, and 
ttle was attached. The food cup 


a calibrated water bo 
ighed to the nearest 0.1 gm., and the water 


to the nearest 0.5 ml. at the end of a 2-hr. 
s1 min.). Records were ob- 


intake interval (plus or minu: F 
a imals in each group, with the measured 
n ing randomly somewhere within the 
diurnal period, 9:30 P.M. to 12:50 A.M. 


ULTS AND DISCUSSION 


Body weight is positively related to both 
food and water intake (7, 8). Our inability to 
predict whether or not a given animal would be 

in the final sample, i.e., would totally 
drink the serum as offered, made difficult the 


desirable procedure of exactly matching experi- 


RES 
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TABLE 1 
Food and Water Intake Immediately Following the 
Oral Administration of “Hungry” and “Satiated” 
Blood ) 


ANIMALS ANIMALS 
RECEIVING | RECEIVING t 
“HUNGRY” |“‘SATIATED”’ ? 

BLOOD BLOOD 


Mean food intake in gm. per |3.24 + .66/3.19 + aa] aol so 
100 gm. body weight | 

Mean water intake in ml. per |5.17 Æ+ 1.09,5.51 + 1.50).881 >.30 
100 gm. body weight | 


mental and control recipients with respect to 
this variable. Our procedure resulted in a slight 
discrepancy in mean weight for the two groups 
(279 versus 294 gm.). To put all animals on a 
common scale, food intake was divided by 
body weight to yield intake per 100 gm. of 
body weight. Means and standard deviations 
of these values are presented for both recipient 
groups in Table 1. 

Water intake, calculated in the same fashion, 
is also presented in Table 1. The means and 
standard deviations are based upon 23 cases. 
One animal in each group dislodged and broke 
the water bottle during the 2-hr. interval. A 
fresh bottle of water was immediately substi- 
tuted, but, of course, the two water intake 
records were lost. For our purpose, these values 
are of incidental interest. Water intake was 
measured simply as a further control. 

Table 1 indicates that the average food and 
water intake of the two groups is quite similar 
in magnitude. In both instances, the near 
identity of the two means suggests that a 
statistically significant difference is unlikely. 
This is confirmed by the ¢ analyses summarized 
in Table 1. Our results are in agreement with 
the earlier study in which the serum was 
administered intraperitoneally. We find no 
difference in the immediately subsequent food 
intake of rats receiving “hungry” as opposed 
to “satiated” blood. : 

Within the context of a comprehensive 
discussion of gastrointestinal hormones, Gross- 


man has admonished: 


A common error in the interpretation of experi- 
ments designed to test whether a humoral mechanism 
exists is to conclude from a negative experiment that 
the postulated mechanism does not exist. Actually, all 
that can be said from a negative experiment is that 
*if the postulated humoral mechanism exists it cannot 
be demonstrated by the methods employed" (2, p. 35). 


| 


These remarks are apposite here. Some | 
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fense of both the adequacy and validity of our 
experiment is suggested. 

Forty-eight recipient animals constitute ? 
reliable sample; and 3 cc. of serum seems 4 
dosage sufficient to produce a measurable 
effect. Farris and Griffith (1) have summarized 
two studies estimating the blood volume of p 
rat at 4.3 cc. and 6.7 cc. per 100 gm. of be 
weight, with heavier animals yielding a smaller 
ratio. Both studies utilized the dye-disappet 
ance method, which probably overestue “fl 
the blood volume of the animal by a cons! d 
able margin (4). Our average donor Weg 
281 gm. If we adopt as a standard 5 cc. pet me 
gm., we arrive at an average total blood volum 
of approximately 14 cc. per donor, aní 
probably an overestimate. Three cubic e 
meters of “hungry” whole blood or ‘ paar 
whole blood presumably would contain iat’ 
21 per cent of the total amount of circu d j 
excitatory or inhibitory hormone. Three ^^ — 
centimeters of serum should contain 2 mak 
centage roughly double this figure if we : 
the logical assumption that the hone s. 
contained in the plasma rather than the tica 
Forty per cent of the available hypothe th 
agent seems a conservative estimate 9. 
amount actually ingested by our expen 
animals in the present study. 

We conclude that our experiment 
siderable doubt on the hormone hypoth 


I 


e 
Br 
l 
] 
casts COP” 
y 
" 
uti pe 


esis. 


jve 

Blood serum drawn from food-dep 
donors was administered orally to rats 10 uen 
ing a 24-hr. fast. The immediately subsed jr. 
mean food intake, measured over 9 * m 
interval, did not differ from that of 5 dos 
group administered volumetrically equ "c 
of blood serum drawn from surfeite do ubt 
It was concluded that this finding casts reg 
on the hormone hypothesis of hunger 


lation. 


I 
e 
SUMMARY d 
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THE GALVANIC SKIN RESPONSE FOLLOWING ARTIFICIAL REDUCTION OF 
THE BASAL RESISTANCE! 


M. E. BITTERMAN, JOHN KRAUSKOPF, anp WAYNE H. HOLTZMAN 


University of Texas 


The high, positive correlation between 
basal levels and short-term variations in 
skin resistance (1, 3) seriously complicates the 
task of measuring the galvanic skin response 
(GSR). Owing to the wide variation in basal 
levels (from a few thousand ohms to more 
than 150,000) and the practical limitations 
imposed on the width of recording tapes, 
provisions must be made for rapid and ac- 
curate changes both in the value of the base 
line and in the attenuation of the amplifying 
system. As a result, not only the apparatus 
employed but the recording procedure and 
the subsequent interpretation of records 
become unduly complex. Another conse- 
quence of the correlation between basal level 
and magnitude of response is the difficulty 
involved in the analysis of individual differ- 
ences in reactivity—response magnitudes 
must be mathematically transformed to 
eliminate the influence of basal level (1, 2, 3). 

It may be seen, therefore, that experimental 
work with the GSR would be considerably 
simplified by the elimination of individual 
differences in basal resistance. One way to 
accomplish this purpose would be to reduce 
artificially the basal resistances of all Ss to 
the same low level—e.g., by rubbing the skin 
with electrode paste. Although it might be 
supposed that such a procedure would result 
only in the removal of an inert resistance from 
the circuit, there is evidence that the GSR 
is affected by changes in basal level resulting 
from any cause (4). The effects of artificially 
induced changes in level have not, however, 
been systematically studied, and it is con- 
ceivable that the procedure might introduce 
serious artifacts. The experiment here re- 
ported, which is primarily a methodological 
one, was intended to investigate this pos- 


1 This research was conducted under terms of con- 
tract AF 33(038)13387 between the United States Air 
Force and the University of Texas in coordination with 
the Department of Clinical Psychology, USAF Schoo: 
of Aviation Medicine, Randolph Field, Texas. 


230 


sibility. It was designed to explore the T 
of artificial reduction in the basal level 0 
sistance on the magnitude of the GSR. | 


METHOD 
Subjects 
192 st 


The Ss employed for the experiment were 7" yho 
dents of both sexes at the University of Texas 
were assigned at random to three experimen 
The number of 5s in each group was 64. 


Apparatus gR a! 
To make simultaneous measurements of aed enr 
each of S’s hands, two identical apparatuses ar 
ployed. Resistance was measured between uber ele 
and dorsal surfaces of each hand. SpongeTu d plast 
trodes, saturated with a saline solution, lle the 
cups (1.5 in. in diameter) which were strapp® resta 
surfaces of the hand. The rubber disks made : plast 
contact with zinc plates set into the backs 9 which I5. 
cups, and to these plates leads were soldered ys pli 
to a balancing and scaling device, a Brus Brush * 
fier (model BL 932), and one channel of a 
corder (model BL 202). : d scali”? 
The circuit diagram of the balancing a throug” 
device is shown in Figure 1. A constant curren t 
S's hand was supplied by a 90-v. battery 10 SRo), Cu 
S, a calibrated 100,000-ohm potentiometer ^ [D 
other high resistances, The voltage across pined se 
potentiometer was proportional to their com 
sistance at any given time. This voltage we was Py | 
by another so adjusted that the net voltage enti” ef 
when the combined resistance of S and the P' " divi 
ter was 100,000 ohms. A three-position voles of 
yielded 25 per cent, 50 per cent, or 100 per e outp” " 
voltage across S and the potentiometer. ^" spich Y 
this attenuator was led to the d.c. amplifier, pp” 
operated at either of two levels of gain. 
could thus be calibrated to read either 50, 
400 ohms for each 1-mm. deflection of tage a 
pen, depending on the setting of the VO" stem Ye 
and the gain of the amplifier. The entire ured in od 
linear over the range of resistances ue e 


coupling effects appeared because 
shared a common ground. A large inde 
each amplifier to ground served to restore 


Procedure 


‘She experiments were conducte 
minated, electrically shielded, soundpro! 


GSR FOLLOWING REDUCED BASAL RESISTANCE 


Was sea! $ 

with oe comfortable, leather-upholstered chair, 
structed only poi the broad armrests, and in- 
ments” were to be bug physiological measure- 
s e chair and ie e. He was asked to sit quietly 
ve until the termi ve any questions that he might 
«cttodes were att enen of the session. The GSR 
cteuit was balane AE ed, one pair to each hand, the 
lapse duri; E atk nd a few moments were allowed 
he recording ce had the opportunity to adjust 
cally are on. Then two stimuli were auto- 
"s duration E Pu inae Each stimulus was 3 
x sec The first stimul e interval between them was 
fe O0-w, tungsten | uius (8) was a flash of light from 
nud directed at bun in a common gooseneck re- 
aug, Cle tone of EX T» second stimulus (S:) was a 
EN io-oseillator Ein oderate intensity produced by an 
8 chair, Enn directly to a speaker behind 
eu taneously on o one of the stimuli were recorded 
t rders (the a E PE of each of the two Brush 
were ed by one of i annel of cach recorder being 
a taken Seen e GSR circuits). Data for each S 
"mi Systems S, one monitoring each of the re- 
p ding tapes! and independent analyses of the two 

bead hands ip were made. 
to qud Eroup) EIC and Hz) of each S in group I (the 
dig. attachment rubbed with electrode paste prior 
beget reduce th of the electrodes.* If this treatment 
W 10, or e resistance of either hand to a level 
ech iatment d the electrodes were removed and 
han d and of eee Thus, the basal resistance of 
trodes of each S i S was less than 10,000 ohms. Both 
int S Were atta "s group II were unircated—the elec- 
(in the Skin, Tor ed without rubbing electrode paste 
Other Same sue i III, one hand (H:) was treated 
band Œ) = as both hands of group D, and the 
lviqea iffcrences ie: untreated. To randomize any 
Eroy Y lot int at might exist, each group was 
Ag Je right m two equal parts. For half of each 
hang? While for and served as Hy and the left hand 
the (Served as E^ other half of each group the left 
of group T = the right hand as Hs. Only in 
termined p was the actual experimental pro- 
3 bunt y these designations (i.e., Hi was 
ten, ether two reated), but they were significant 
Sof these ween in that the data were analyzed 
esignations rather than anatomically. 


RESULTS 


h 
Wa. È fir, 
ton, to Y "Rp in the analysis of the results 
thpParing po index of the GSR suitable for 
due, P bas od and untreated hands. For 
INA y imi ange in resistance (AR) pro- 
ha U three Stimulus in each hand of each 
inq om tr &roups (a total of 768 responses 
R ) was "ated and half from untreate 
ino ited against basal resistance 
a in relation proved to be satis- 
> ìt was possible to eliminate 


Paste y, 

lon of Sed was manufactured by the Bjrdick 
t d by ja 
on, Wisconsin. 
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Fic. 1. Balancing and scaling circuit (Bi, 90 v.; 
Ba, 714 v.; C, 1.0 microfarad; Mi, microammeter; Ms, 


microammeter; Ri, 1,500,000 ohms; Re, 200,000 ohms; 
Rs, 100,000 ohms; Ra, 50,000 ohms; Rs, 6,000 ohms; 
Re, 10,000 ohms; Rz, 12,000 ohms; Rs, 540,000 ohms; 
Ro, 270,000 ohms; Rio, 266,000 ohms; R-X, S’s re- 
sistance; Sj, DPST; S:, DPDT; Ss, DPDT; Y:-Y:2, 
output to amplifier). 


TABLE 1 
ance and Response to Each Stimulus 


Mean Basal Resist: 
in Treated and Untreated Hands 
Si S: 
BAND 
R (AR/R)* R (AR/R)4 
Treated 5456 .182 5312 watt 
Untreated 34182 178 37469 .215 


basal level by dividing AR 
bution of AR/R was found to 
kewed, but a square-root 
esulted in a distribution 
depart significantly from 
normality. Consequently, the unit employed 
in the analysis was (AR/R)}. Table 1 shows 
the mean responses of treated and untreated 
hands to each of the stimuli. The derived 
response distributions were almost identical 
despite great dissimilarity in basal resistance. 

Four separate measures were available for 
analysis in each group: (a) the response of Hı 
to Si; (b) the response of Hi to Se; (c) the 
response of Hz to Si; and (d) the response of 
H, to S» Product-moment correlation Co- 
efficients were computed among these four 
variables for each of the three experimental 

oups. These intercorrelations are presented 
in Table 2.. MA 

Each of the correlations is, of course, affected 
by statistical unreliability owing to errors of 
measurement. Other factors which may at- 
tenuate the various coefficients suggest them- 
selves upon consideration of the conditions 


the influence of 
by R. The distri 
be positively $ 
transformation 1 
which did not 


e 
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TABLE 2 
Intercorrelations for the Three Experimental Groups* 
GROUP III 
GROUP I | GROUP IT Common 
7 obtained |r corrected | variance 
46) 
Tac .74 .61 .61 .91 83 
Toa .67 .62 .28 .43 18 
Tab 5 -14 77 
Ted -16 .173 72 
Tad .54 335 333 -16 58 
Tee 48 .48 E 1.06 100 


* (a) HiSi, (b) HiS2, (c) H2S:, (d) H:Ss. 


for each group. The correlation between re- 
sponses of H, and H; to a given stimulus 
(rac for Sı and rsa for S;) is lowered by any 
differences between the two hands. In group 
III this lateral correlation is attenuated fur- 
ther by any differences due to treatment. 
The correlation between responses of the 
same hand to the two different stimuli (ra 
for H, and rz, for Hə) is affected both by 
changes in the individual through time and 
by differences between the two stimuli (light 
and tone). The remaining two correlations 
for groups I and II (raa and rec) are still further 
attenuated since they reflect lateral differences 
as well as differences due to time and stimulus. 
For group III, these coefficients reflect all 
four sources of variability—laterality, time, 
stimulus, and treatment. 

Examining first the coefficients for groups I 
and II (Table 2), we find that the two arrays 
are quite similar. The temporal correlations 
(ro and ra) are slightly higher than the 
lateral correlations (vac and 7;4); and, as ex- 
pected, the smallest coefficients are those 
that are affected both by temporal and by 
lateral variability (fa and rse). . 

The array for group III is similar to the 
other two arrays with one marked exception— 
the lateral coefficient for S» (zu). The correla- 
tions of primary interest are those in group 
III which reflect differences in the two methods 
of treatment (fac, fod, Yad) Toe). In every case, 
however, treatment is confounded with lateral 
variability, either alone or in combination 
with variability due to time and stimulus. 
Without the results for groups I and II it 
would be impossible to estimate the extent 
to which differences in treatment lowered these 
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four correlations in group III. Since identical 
stimulating conditions and comparable Ss 
were used in each of the groups, however, it 
should be possible to estimate from the 
coefficients for groups I and II what the cor 
relations for group III would have been if all 
sources of variability except differences M 
treatment could have been eliminated. 
For example, consider the correlation 
tween the responses of H, and Hs to Sı (rac): 
In group III, the proportion of variance m d 
which is attributable to variation in € " 
only .37 (ra, = .61). Part of the variance } 
a which is not accounted for by rac may 
due to differences in the treatment of the UP 
hands; part of the residual variance 4 of 
may be due to lateral variability; and par 
it may be attributed to random errors x 
measurement. For the same correlation. 
groups I and II, the residual variance E 
is accounted for by only two of these bic 
ponents, lateral variability and random MP 
On the assumption that the lateral effec <a 
the random errors of measurement are the 
proximately equal for the three groups the 
critical difference between group I s ent) 
other two groups lies in the effect of tes a 
the factor of primary interest in the pr “ou? 
study. Correcting the obtained 7a of E ula 
III for attenuation by Spearman’s form 
for estimating the correlation betwee? et 
scores in each of two measures, We E^, 
coefficient of .91. We estimate, therefor’, at 
83 per cent of the variance in @ can fuen? 
tributed to variation in c after the 1? 
of laterality and error of measureme? 
been eliminated. plied 
The same kind of reasoning can be ric? 
to the other correlations for group IIT V od 
involve differences in treatment 7 cient 
7"w. The obtained and corrected ors eit 
are presented in Table 2. From this aria 
may be seen that the percentage of n be 
in the response of one hand which of th? 
attributed to variation in the response janc? 
other hand (after all sources 9 n rang 
except treatment have been remove ) 
from 18 for the second lateral correla f 
to 100 for one of the lateral-tempor® ; 
tions (7-). The wide variation in F pa eit 
degree of communality between t conditi 
menis suggests that under some 


be- 


tion 
re 


; 
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they yj 
ey similar results, while 
€ extent to vi T difer appreciably in 
Underlying res which they reflect the same 
To help Do 
Was made 2: * situation a factor analy- 
ach group b of the correlation matrix for 
(). Because y Thurstone’s centroid method 
alysis was each matrix was very small, each 
obtained ee several times until the 
the Be ons agreed closely with 
tered in the imei he that had been 
ES Start of eina celis of the matrix at 
"e tbe m ge ge The question was 
ch Been of the communality in 
M à single deg can be accounted for 
ref ton it was eral factor? To answer this 
erence axis pera to place the first 
lon mize the of each factor matrix so as to 
(s ings, Foll sum of squares of its factor 
aD a m Cie Thurstone (5, pp. 473- 
th centroid-facton m matrix was found for 
Dlie d b actor matrix which, when pre- 
ae P rine the centroid-factor matrix, 
wx br bes solution. Such a factor 
ij, o m on principal axes is a unique 
mA e innort, given correlation matrix and 
duals are = property that the r-factor 
high three P4 ae minimum. 
stant oadings tage (Tables 3, 4, and 5) reveal 
Yari lates the h e first factor, which sub- 
to me in the € ypothesis that most of the 
i © same me ee can be sie 
in SVera, lerlying response mec hanism. 
qe Br ene for Eos factor is given 
tig, Teated s row of each table. Group 1, 
ag ec of b. oup, shows the greatest con- 
by Tom one ponse from one hand to the other 
the Consistent nes to the next, as indicated 
rio Nera] fa y high loadings on factor A, 
lg e athe The percentage of the total 
agti ibutable to this general factor 1S 
lo Eroup I d e 
Ta West in group p less in group IL 
u A 
diete: a and II, two other factors can 
itt, "nce actor B seems to reflect lateral 


[3v S, a l 
Mes, es $a iactor C is derived from 
Marise e to time and stimulus. The 


Vari 

n Ta: 

"wy Vel nce of each of these factors 1 
the 


sm: 
RON SUDs, Um and quite similar for 
py for 7 three factors in combination 
Der cent of the variance in 


and : 
89 per cent of the variance 3n 
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TABLE 3 
Factor Loadings for Group I, Principal-Axes Solution 
FACTOR 
VARIABLE it 
A B (el 
Hi 87 | —.26 | —.32 .93 
His: .82 | —.42 .23 .90 
Hei .86 .39 | —.23 .94 
He .85 27 35| .92 
Factor variance (%) 72 12 8 92 
TABLE 4 
Factor Loadings for Group II, Principal-Axes Solution 
FACTOR 
VARIABLE M 
A B c 
— s MET. 
Hi 80 | —.44 | —.29 .92 
Hi .83 | —.34 429 .89 
He 84 36 | —.29 | .92 
H:S .78 .39 .30| .85 
Factor variance (99) 66 15 8 89 
TABLE 5 
Factor Loadings for Group I, Principal-Axes 
Solution 
FACTOR 
VARIABLE ——————— k 
A B 
a e E 
HS: .83 .39 .83 
HiS: .15 .40 2 
HS "30 | —.38 | .94 
H:S: 61 | —.46| 59 
61 16 77 


Factor variance (%) 


group its Reliability of measurement thus 
appears to be quite high both in the treated 
and untreated hands—slightly higher, if 
anything, in the treated hands. The marked 
similarity of the factor patterns for the two 
ts that treatment (reduction of 
the method here employed) 


idity of measurement. 


he factor analysis for group 


The results of tl 
differ to some extent from the 


her two groups. In the data 


of group P 
(A and B) are in 
differences in time 
in the other group" AOR. ; 
liably measured. Communality is considerably 
lower in group III than in the other groups, 
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with only 77 per cent of the variance being 
accounted for by common factors. Of the four 
measures for group III, the response of Hz 
(the untreated hand) to S; shows the smallest 
communality and the smallest loading on the 
general factor. The deviant character of this 
measure is also apparent in the array of 
coefficients for group III, presented in Table 
2. Of the four corrected lateral coefficients, 
the two which involve H3S» (r4 and 7,4) are 
relatively low, while the others are quite 
high. It seems likely, therefore, that the 
deviant results for group III may be attributed 
to experimental error in the measurement of 
H:Sz. The source of this error has not been 
definitely determined. 

In general, then, the results of this experi- 
ment give no reason to believe that the re- 
duction of basal resistance by rubbing the 
skin with electrode paste distorts the GSR 
in any significant fashion. The pattern of 
response in the treated hands of group I cor- 
responded closely to the pattern of response 
in the untreated hands of group II. Only in 
group III was there a lack of complete cor- 
respondence between the two conditions, and 
this discrepancy could be traced to instability 
in the untreated hand. It may be concluded, 
therefore, that the advantages derived from 
the artificial reduction of basal resistance by 
the method here employed are not gained at 
the expense of reliability or validity of meas- 


urement. 
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SUMMARY 


The experiment reported was designed to 
study the effect of artificial reduction of the 
basal resistance (by rubbing the skin with 
electrode paste) on the galvanic skin response. 
For each of 192 Ss simultaneous measures 0 
the GSR in both hands were made. In one 
group both hands were treated with elec- 
trode paste; in a second group both han 
were untreated; and in a third group 076 
hand was treated and the other untreated: 
The reliability of measurement was in gener 
high under each of the two conditions, 2? 
the results suggested that the GSR was no 
significantly distorted by artificial reductio? 
in the basal resistance. 
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RATE OF BAR PRESSING AS A FUNCTION OF QUALITY AND QUANTITY 
OF FOOD REWARD! 


PAUL J. HUTT 
Yerkes Laboratories of Primate Biology, Inc. 


mer and quantity of reinforcement have 
les infa been suggested as important vari- 
and Ex the performance of learned 
ave su ted responses. A number of studies 
12 1a PPorted this suggestion (3, 4, 5, 6, 7, 8, 
has been | 15, 17, 18). Quality of food reward 
Natural hi to designate different kinds of 
Nenze 2 s among which there is an implied 
ents on in preference. Most of the experi- 
taste, og quality have varied concurrently the 
Which odor, texture, and nutritive variables, 
treatey ccording to Skinner (16), should be 
\Sually Separately. Quantity of reward has 
Volume referred to differences in weight, 
fooq, a number of pieces of 
ate ofte time of eating. While these variables 
“Quivalent related, their effects may not be 
diee às pointed out by Guttman (8). 
and qua mplexity of the concepts of quality 
ot their ntity necessitates a systematic study 
Peri Er. ore specific aspects. The present ex- 
3 Qualit deals with amount; with one aspect 
Action ^ taste; and with their possible inter- 
wae g "artions in taste were produced by 
Mixt id acid or saccharin to a basic food 
yor, "m technique permitted control of 
qua io Or, texture, and nutritive value. 
dient in weight were associated with 
n Wut S of the reinforcing material; 
E. Weight of amount, therefore, comprises 
d bine d and volume. The three tastes were 
Wie ; ‘Sethe three amounts in a factorial 
in amount 25 in nine combinations of taste 
tin, Of Dossi The design allows for an evalu- 
Sunt, ssible interaction between taste and 


de ese vari 

N NG ae pis were studied in relation to 

in Rlodicar The measure used was the rate of 
he gj. Y reinforced bar-pressing response 


ini 5 
j Der-box situation. 


ia] ¢ Paper i . 
Ll ient based on a dissertation submitted in 
Versi lage of the requirements for the degr?e of 

ty, 1953 phy in the Graduate School of Duke 


METHOD 


Apparatus 


The apparatus consisted of three identically con- 
structed Skinner boxes. The S’s compartment was a 
12-in. cubical aluminum box enclosed in a sound-in- 
sulating shell. The interior surface of the box was uni- 
formly burnished and was illuminated by a 4w. 
fluorescent lamp behind an opal glass window in the lid. 
The compartment was ventilated by a steady flow of 
air produced by an electric blower. The blower also 
provided a masking sound for extraneous noises. A 
5-in.-diameter circular window in the lid permitted 
observation of S during the experiment. 

In the center of one wall of the box, a }4-in. steel 
rod protruded 134 in. horizontally into the cubicle. 
This bar was 31$ in. above the floor. Directly below 
the bar, in the floor of the box, was a small hole through 
which the food dipper was presented. The size of the 
hole was adjusted to the size of the dipper being used. 
The magazine was automatically operated by depressing 
the bar, and could also be controlled by E. 

The capacities of the dipper cups were 3, 12, and 
50 mg. The amounts used were intentionally small in 
order to obtain bar-pressing rates close to the threshold 
of response. In this report, the three cup sizes used are 
referred to as small, medium, and large. 

The 1-min. periodic reinforcement schedule em- 
ployed in the experimental sessions was obtained by 
use of a synchronous clock motor and a relay circuit. 


Reinforcing Substances 

The basic reinforcing substance used was a ho- 
uid mixture of flour, milk, and 
dification of the standard adequate 
diet for rats recommended by the Nutrition Labora- 
tory, Teachers College, Columbia University (2).* The 
different reward substances were made as follows: 
Basic mixture: 370 gm. basic food diluted with 30 cc. 
water; citric mixture: 370 gm. basic food diluted with 
30 cc. of a 20 per cent citric acid solution by weight; 
saccharin mixture: 370 gm. basic food diluted with 30 
cc. water containing 9 gr. of soluble saccharin. This 
concentrdtion of saccharin (22.5 gr. per liter) was re- 
ported by Beebe-Center ef al. (1) to be optimally pre- 
ferred over water by rats. The amount of citric acid 
used was found by trial and error to be barely accept- 


mogeneous semiliq 
water. This is a mo 


2'The basic substance was prepared according to 
the following recipe: Combine 2 cups cold water, 100 
gm. enriched white flour, and } cup evaporated milk, 
Add 2 cups hot water and heat to boiling. Add 124 
cups cold water. A fresh batch of food was made each 


day. 
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able to rats in preliminary preference tests. In these 
tests, with the three foods presented simultaneously for 
choice, food containing citric acid in the concentration 
used was rarely eaten, while, when citric mixture was 
presented alone, the amounts eaten were similar to the 
amounts of basic and saccharin mixtures eaten at 
other times. 


Subjects and Procedure 


The Ss were 81 experimentally naive male albino 
rats obtained from Albino Farms, Red Bank, New 
Jersey. They were between 90 and 110 days old at the 
beginning of the experiment. After arrival from the 
dealer, the rats were kept in individual cages for ten 
days, with free access to food and water. On the 
eleventh day the animals were started on a 23)4-hr. 
feeding schedule, which lasted seven days. A mash 
made from ground Purina Kibbled Meal mixed with an 
equal volume of water was placed in the cage for 14 hr. 
daily. Water was available at all times. 

On the eighth day of scheduled feeding, Ss were put 
into the Skinner box 45 min. before their customary 
feeding time and trained to eat food from the maga- 
zine. The bar was absent, and E presented food by 
operating a switch. Magazine training was carried out 
for six daily }4-hr. experimental periods. On the first 
three days, S received six to eight dippers of food in 
each period; during the last three days the rate of 
presentation was increased. Every S received 75 dippers 
of food during the six-day period. The basic mixture 
(without saccharin or citric acid) and the medium 
dipper (12 mg.) were used. 

At the end of each experimental session, Ss were re- 
turned to their home cages, and approximately 15 min. 
later they received their regular J4-hr. feeding. 

On the day following the last session of magazine 
training, Ss were placed in the Skinner box with the 
bar present for the first time, and were put on a con- 
tinuous reinforcement schedule. The basic mixture and 
the medium dipper were used. This training extended 
over seven 24-hr. sessions. Each S was given 150 re- 
inforcements spaced over a period of six days. On the 
seventh day each S received 50 reinforcements, making 
a total of 200 reinforcements for the seven days. If any 
S received 150 reinforcements before the sixth day, it 
was fed at the customary time but not put into the 
box again until the seventh day, when 50 additional 
reinforcements were given. The Ss were fed wet mash 
for 14 hr. after each session as before. . 

Ón the day following the last continuous reinforce- 


ment day, Ss were assigned at random to nine experi- 


mental groups, nine animals in each group. They were 


then given five successive daily sessions of periodic 
reinforcement (PR) for bar pressing. During all five 
PR sessions each group received one of the nine possible 
combinations of dipper size and food: (a) small-sac- 
charin, (b) medium-saccharin, (c) large-saccharin, (4) 
small-basic, (e) medium-basic, (f) large-basic, (8) 
small-citric, (#) medium-citric, and (7) large-citric. 

A 1-min. PR schedule was used for all groups, 
all experimental sessions were J4 hr. long; there were 
30 reinforcements per session. Following each session 
S was fed in the home cage, as before. 

Possible differences among boxes were controlled by 
using each box an equal number of times under each of 


and 
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the éxperimental conditions; that is, each box was used 


for three rats in each of the nine experimental groups. 
Twenty-four hours after the last session on PR, SS 
were put into the apparatus with the bar in place, but 
disconnected from the magazine. The S remained ma 
the box for 34 hr. and then was fed as before. This ex- 
tinction procedure was carried out on two successive | 
days. 
Following extinction, 27 Ss were given preference 
tests in their home cages. Each of the three foods was 
placed in an aluminum cup with a capacity of 60 gm 
Cups were inserted in aluminum trays to hold p 
securely. The tray with the food-filled cups was pu : 
the back of the home cage and left there for WA the 
that time all trays were taken out of the cages and 2 
remaining food was weighed. The regular feeding 54 
omitted, and the preference test was repeate! 


per minute, for the three tastes and the thre 
amounts on each of the five days O; Ba 
presented in Figure 1. Analysis of variano E 
log mean PR rates for days 1 and 5 both 5% 
the main effects of taste and amount Thus 
significant at better than the .005 level. T d 
the rate of performance of a bar-pressinE ^ 
sponse is an increasing function of the DE E 
of reinforcement for the values 3, 12, f the 
mg., and is also related to the taste O° int 
reinforcing substances. A nearly sign day 1 
interaction at the .05 level is present 0? oot 
(F = 2.40; df = 4, 72). On day 5 the Vacant 
interaction results in a clearly insig™ 
value (F = 0.31; df = 4, 72). 5 
The mean responses per minute for all goths 


hr. later. 
RESULTS 
* B ses 
The mean rate of responding, in respon’ 


on days 1 and 5 areshown in Table 1. 
nse ra 


essentially no change in the respo 
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amount of reinforcing substance 


FOOD REWARD AND RATE OF BAR PRESSING 


TABLE 1 


Mean Responses per Minute for Days 1 and 5 
CITRIC | BASIC SACCHARIN 
AMOUNT 
Day | Day | Day | Day Day Day 
1 5 1 5 1 5 
m 4.2|3.0 4.1| 3.9| 5.0| 5.0 
Eum 4.5|4.2|6.8| 6.9| 6.7 | 8.0] 
Tge 5.3 | 8.2 | 7.5 | 11.1 | 12.5 | 13.8) 


Signig TABLE 2 
3 cance of Differences Obtained by # Tests between 
E Mean PR Rates of Responding on Days 1 and 
(As 5 for Taste and Amount 


—\"\sterisks denote differences at the .05 level or less.) 
m Taste 


DAY 1 DAY 5 
| Is 
AMOUNTS COMPARED £ £ 
Sleleslel2 
8/3/22) 215 
Ero ESESISIESES E 
Small and medium * *|* 
mall and large * *|*|* 
* * * 


| 


~ Medium and large * 
pom Amount 


pay 1 pay 5 
Rees ieu. 
Bem quM 
ella EMEP 
wl) |e Pig t 
D gs aaja 
| Sa ; [er eS 
| ae and basic * 4 
a Charin and citric =| * xi s 
sic and citric E . 


| | 
| 


“Mount au the rate of responding to the large 
b Table 9r all tastes, 

tye gives the significant differences 
Sys e various tastes and amounts for 


NUN i» i 5. It can be seen that with the 
Ces in a qualities and quantities used, differ- 
Al ons unt are a more potent determinant 
€ rate than are differences in taste. 
Ton, ech Re € of the taste differences did not 
te an in, ‘atistical significance, it is evident 
ig ce g Spection of Figure 2 that the 1n- 
the ecteg > Wo variables, taste and am unt, 
ine in the differences in the slopes of 
TVs. Mean response rates are in 
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P Large- 
Socchorin 


400 


CUMULATIVE RESPONSES 


FIVE-MINUTE INTERVALS 
Fic. 2. Mean cumulative PR curves for day 5 


CUMULATIVE RESPONSES 


FIVE-MINUTE INTERVALS. 


Fic. 3. Mean cumulative curves for two J4-hr. 
periods of extinction after PR 


descending sequence from large to small with 
respect to amount, and from saccharin to 
citric with respect to taste, except for small- 
saccharin, which is greater than medium-citric. 
These mea PR rates are practically linear, 
indicating a uniform level of performance for 
each group. Within any experimental session, 
there is, however, à slight decline in the rate 
of responding in successive S-min. periods; 
large-saccharin is the only exception to this 


trend. 
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TABLE 3 


Percentage of Foods Eaten during Two }4-hr. Periods 
of Preference Testing 


(N = 27) 
TEST | SACCHARIN BASIC CITRIC 
First 66 29 5i 
Second 89 10 1 
Total (2 tests) 79 18 3 


In Figure 3 are presented the mean cumula- 
tive response curves for the two }4-hr. ex- 
tinction periods. Again, an analysis of variance 
on log mean number of responses shows the 
main effects of taste and amount to be signifi- 
cant at better than the .005 level. The simi- 
larity between PR and extinction is further 
shown by the correlation between log mean PR 
rate and log number of responses in extinction 
(r — 0.90; SE, — 0.11). The trend of the size 
of the differences between the first and second 
extinction periods is the reverse of the trend 
in the PR rates from day 1 to day 5. The order 
and size of the differences in the first extinction 
period closely resemble those on day 5 of PR, 
while the differences in the second extinction 
period closely resemble those on day 1. This 
is further evidence that the PR trend over 
successive days is not an artifact. 

The results of the preference tests on 27 of 
the experimental animals are given in Table 3. 
They show that saccharin is preferred over 
basic, and that basic is preferred over citric in 


a free-choice situation. 


DISCUSSION 


The results of the present experiment show 
that the rate of performance of a learned re- 
sponse in a free-responding situation is a 
function of the quantity and quality of rein- 
forcement. This finding is in general agreement 
with the results of previous experiments that 
used different situations, different response 
measures, and different dimensions for the 
measurement of quantity (3, 6, 7, 8, 12, 17). 
The relatively consistent results of the present 
study may in part be attributed to the large 
number of responses recorded, the explicit 
specification of the stimulus dimension, and the 
use of periodic reinforcement. 

The fact that there was no interaction be- 
tween quality and quantity reveals the ad- 
ditive nature of their reinforcing effects. This 
confirms the results of Fay, Miller, and 
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Harlow (5), who found that quality and 
quantity are independent determinants 0 
choice frequency. 
The present results agree with studies re 
ported by Skinner (16) and Jenkins (11), 
showing that the PR situation is exceptionally 
sensitive to the variables influencing perform- 
ance. This is confirmed by the fact that, within 
the limits of individual variability, there ap 
pears to be, in at least the present exper! 
mental situation, a linear relation between Jog 
rate of responding and log number of respons 
in extinction. On the usual assumption F 
number of responses in extinction is & miee e 
of habit strength, it would seem likely that t 
use of periodic reinforcement as 2 lized 
measure of habit strength could be genera -: 
to other learning and performance situation: 
The results further suggest a method for 
treatment of two types of problems. T 
would be the problem of scaling “kin 
“qualities” of reinforcement, The pRm tions 
seems to be very sensitive to small vari?” i, 
in the properties of the reinforcing agent. ally 
is particularly interesting, both theoreti at 
and experimentally, because of the app? nd 
association between the preference order Sem 
the rate of responding. The second PFO ig pe 
that might be treated by this method wo to 
that of determining sensory thresho “a 
chemical differences in the reinforcing apr the 
One question that may be raised & ue ex 
definition of quantity used in the PFes®*.” she 
periment is whether weight or volume * d 
important aspect of the reinforcemen atio 
ations in weight were associated with m n the 
in volume, leading to possible differen" with 
ingestive effect. This may be contrast arie 
the technique used by Guttman (8), who Y gotb 
concentration and held volume cansa as? 
techniques show that performance var T 
function of quantity of reinforcement, ci ed: 
statement cannot be quantitatively Sha 
While “quality” of reinforcemen 
stated by Hull (10), Skinner (16), YOPE y 
Harlow (9), and others to be an ^ spe v 
property of the reinforcing agent, ne e 
cation of the quality variable has the e 
vague. Typically, it has referred ws ent’ 
that within a given class of rein ands ari 


TA 


suck as food, there are differences vel es f 
it hés been asserted that the ee 3 ó kit f 
the reinforcement is associated W1 sca 


No simple rule has been devise 
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ee terms of physical, chemical, or 
though s (or other biological) dimensions, al- 
it in ee attempts have been made to scale 
Bor ms of preference. Thus, quality and 
mm - at the moment, funda- 
iint and erent sorts of variables. In the 
En ia y the very limited question has 
cation of eae or not the chemical modifi- 
in taste (fo ood by substances known to differ 
hess of e humans) would alter the effective- 
nutritive PADRE properties, when the 
ood ipe ue, texture, appearance, etc. of the 
that held constant. The results indicate 


~~ Suc] : A 5 
teinforein chemical modification does alter the 


Ceptor ee effect. This suggests that the re- 


of the hte involved in the discrimination 
Tole in th ified substances play an important 
Points to € process of reinforcement, and also 
Which th an available physical dimension along 
* quality variable might be analyzed. 


SUMMARY AND CONCLUSIONS 


E; 
Skia one rats were trained in a modified 
ifie; "OX, With three reinforcing substances 
Substanco nly in taste and amount. The basic 
r, and pe à semiliquid mixture of milk, 
lic’ by as (Two other mixtures Were 
ution to ti ing a saccharin or citric acid so- 
th, feren € basic mixture. 
te o s tests were given to 27 rats, using 
; Thean FR technique. 
a Urin; Yses of variance on rates of respond- 
51.8 Periodic reinforcement for days 1 


3 i ca i e ye. 

WD o p Interaction. A high positive Cor- 
Á 0 was found between log mean PR 

Macs pra during extinction. Results 
i. Es iie ra tests showed that the sac- 

Wn dd food was highly preferred over 

th i dEs n s 

“followin € limits of the present experiment, 

teini The us Conclusions may be drawn: 

IN ied responding during periodic 
2 e Ew is a function of both the taste 

las, Phe ditis t of the food reward. 

3, Me hae in rate of responding for 

Ahi p ‘ated with food preference. , 

OSitive correlation exists be ween 
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PR rate and number of responses during 
extinction, 
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THE SECONDARY REINFORCING VALUE OF FOOD FOR THIRSTY 
ANIMALS! 


EDWARD L. WIKE anp ALBERT CASEY 


University of Kansas 


In a review of latent learning Thistlethwaite 
asked the following question: “Does the 
irrelevant incentive itself serve as a secondary 
reinforcing agent?” (14, p. 109). Since food- 
satiated (15) or thirsty (2, 13, 16) rats did 
not manifest a preference for a food alley over 
a nonfood alley in the latent period, he con- 
cluded that the answer was negative. Contrary 
evidence by MacCorquodale and Meehl (6) 
was discounted on the grounds of alleged 
inequalities in position preference and an 
inadequate satiation technique. 

Without attempting an exhaustive survey 
of the literature, several studies relevant to 
Thistlethwaite’s conclusion should be men- 
tioned. Myers (8) found that satiated rats 
motivated by a social drive selected a food 
alley far more frequently than a nonfood side. 
When the locus of the food was shifted, they 
reversed their preference to conform to the 
new position of the irrelevant incentive. 
Myers’ data, however, seem vulnerable to the 
criticism that the animals were not completely 
satiated, since some consummatory activity 
took place. More recently Johnson (5) re- 
ported that thirsty rats during the latent 
sessions displayed a shift toward more food- 
side turns, and the less thirsty rats showed 
greater change in this direction. No indication 
of the statistical significance of these data 
was provided. Finally, Seward and Levy (10) 
demonstrated that satiated rats will select a 
goal box in which reward was secured earlier 
over an end box where it was not found. . 

In light of this later evidence we feel, with 
others (7, 11), that it is essential to reconsider 
the above question. Our interest is not whether 
or not secondary reinforcement provides a 
feasible explanation for certain types of latent 
learning, but rather an inquiry into the neces- 
sary and sufficient conditions for a cue to 
function as a learned reward. More precisely, 
the question is this: Does the sight of food 


1 This research was supported by the Faculty Re- 


search Committee, University of Kansas. 


have secondary reinforcing properties for 
thirsty, food-satiated Ss? 

‘An examination of the studies reviewed, by 
Thistlethwaite suggested several possible 
confounding factors in T-maze settings tha 
might obscure the effects of secondary relly 
forcement. These were: (a) alternation be- 
havior, especially when the trials were mass? 2 
(b) place and turn biases, which constitute" 
formidable problem to control, and (¢) oe ^ 
tionality” induced by the forcing of diu 
Therefore, a simple runway and spaced nee 
are employed in an effort to reduce 150 
sources of confounding variation. It 5 3 A 
hoped that running-time measurements oy 
more sensitive indices of reaction tenden ] 
than the direction of choice. The experimen is 
question is: Will thirsty, food-satiate than 
run faster to an end box containing foo ty 
similarly motivated Ss running to a? emp 
end box? 


METHOD 


Apparatus 
- structed 


The apparatus was a 5-ft. alley runway co tituted 
of 1-in. by 6-in. pine boards. The first 9 in. core run 
the starting box and were painted flat white. x ere 
way and the 14-in. by 12-in. by 7-in. en by pard 
painted dull black. The apparatus was covere 
ware cloth and illuminated from 6 ft. above na 
90-w. fluorescent lights. «ate 

Raising the starting-box guillotine door pot 
standard timer. The clock was stopped Ed the 
on a hinged floor panel located at the entran! pos Pe 
goal box. Another guillotine door on the go 
vented exits from the chamber and retracing 


runway. 


Preiraining Procedure " 
and P five 


i d 

During the first five days Ss were tame! 5 0 

on an 8-hr. thirst cycle. On the sixth day goi pin: op 
or six Ss explored the empty runway i i 
7 and 8 each S received a single us after oe 


day 

running times were recorded. One ha 2d d in Ge 
Jast daily trial the water bottles were ofore e 
home cages, where they remained un e hons 


eriment 
next Way’s runs. "Throughout the exp 5 
cages [M well stocked with Purina Layena P 
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SECONDARY REINFORCEMENT IN RATS 


an added a 
dishes of apace against incomplete satiation 
cages in th were placed in the individual handling 
On the b experimental room. ii 
vidual fin. of the running times for the two indi- 
Selected, ‘The © matched groups of nine Ss each were 
median runni pairing resulted in a control group with 
perimental ng times of 5.82 and 6.05 sec., and an ex- 
The range s with medians of 7.90 and 7.68 sec. 
ical, scores in each group was virtually iden- 


Ti 

* Procedure 
, Durin, 
Biven 
the gao 
the c 
Y 


E the 5 
e trial Lor ing 20-day test period Ss were 
oor of the ane The experimental group found 
ontrol Ss i s box covered with food pellets, while 
A S were qs it empty. After traversing the run- 
y DE returned en in the goal box for 20 sec. before 
tay ever the B their individual handling cages. 
the tom the UE time reached 300 sec., S was 
dep SUA detenti inway and placed in the goal box for 
ad tine of aes period. In the test phase Ss were 
lbitum feeding a a CAR satiated for food by the 


Subjects 


Thi 
Da © Ss were 2 i 
sley albing E experimentally naive male Sprague- 
En a from the 5. 70 to 77 days old. They were pur- 
tio i : e Ss Es Hills Farm of Lawrence, Kan- 
Oups of nine cael in the matching to leave 
ch. 


RESULTS 


he basi 
hi E moon running time, was defined 
Fio oor and i. elevation of the starting- 
Te 1 show. S entry into the goal box. 
rol ae median running times for 
fessi, o matchi experimental groups during 
of the Wve-trial ng trials and the four suc- 
first p> differe test intervals. The significance 
by five and fet between the means of the 
i leoxon’g et five test trials are assessed 
ble 4. m test for paired replicates (18) 
Slowly he control Ss ran significantly 
n a the final test trials, and the 
ran equally well in both test 


tpa. Tabi 

Wi enta] 2 the differences between the 

test as of i control groups at successive 
ond Paired test are analyzed by Wilcoxon’s 

dw > ON t replicates. Because one experi- 

NUS wi ral 13, put a pellet in its mouth, 

th, ig x Ces arg and then dropped it, these 
e ®Pparg ^ based on only eight pairs.” 


the Cont 


iy en : 

m nti fied after the first five trials 
Y Syl othe up is performing more slug 
air 


T co 3 
aff mparisons the exclusion of this P 


id 
hof 

e 

Ct the level of statistical signiucanc® 
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6-10 II-5 16-20 


TRIALS 
Fic. 1. Median running times in seconds during the 
2 matching trials and the 20 test trials for the control 
and experimental groups 


78 FS 


gishly, and the differences increase in signifi- 
cance as the test trials progress. 

A further contrast between the two condi- 
tions can be made on the individual trials. 
If the group medians were determined by 
chance, we should anticipate that the experi- 
mental group’s medians would be below the 
control group's on half the test trials, and vice 
versa. (3). Instead, the experimental group's 
medians are below the control group's on 
trials 2 to 20. The probability of this outcome 
by the binomial expansion is far less than .001. 

The variabilities in running time were also 
affected by the presence or absence of the 
irrelevant incentive. These differences were 
evaluated by the / test for variances based on 
related scores (17, p. 190). The usual F ratio 
is inapplicable in this instance because the 
variances are not independent. From Table 3 
we may conclude that control 5s were signifi- 


cantly more variable on the final test trials 
than they were initially, while the experimental 
group did not change. There was no difference 
between the variances of the two groups on 
the first five trials, but the control Ss were 
decidedly more variable at the termination of 
training. 
Finally; 
behavior shoul 


certain qualitative aspects of 
d be mentioned. The Ss dis- 


TABLE 1 


T Tests of the Difference in Running Time on the 
First Five and Last Five Test Trials for the 
Experimental and Control Groups 


GROUP 


MEASURE 
E c 
T 10 1 
? 2.05 <.01 
TABLE 2 


T Tests of the Differences in Running Time between 
the Experimental and Control Groups at 
Successive Quarters of the Test 


TRIALS 
MEASURE 
1-5 6-10 11-15 16-20 
if 13 4 3 1 
? > .05 05 | «.0 | <.02 
TABLE 3 


Test of the Difference in Variability in Running Time 
between the First Five and Last Five Test Trials 
for the Experimental and Control Groups and be- 
tween the Groups at the Beginning and Termination 
of Test 


GROUP 


E c C-E 
MEASURE z 
Trials (16- | Trials (16- Tias 
20)-(1-5) | 20)-(1-5) ae TEA 
t <1.0 7.24 <1.0 7.56 
b Si | «001| >.1 | «.00 


played a great deal of “frustration” behavior— 
jerky movements, quick dashes and stops, 
biting of the apparatus, urinating, escape 
attempts, etc. This behavior appeared to 
increase in amount as the test trials continued, 
began earlier in the control group, and oc- 
curred less frequently among experimental Ss. 


DISCUSSION 


The general conclusion of this investigation 
is that an irrelevant incentive functions as a 
learned reward when another primary drive is 
operating. This conclusion seems warranted 
by the more rapid and consistent running 
performance of the experimental Ss, which 
encountered the irrelevant incentive in the 
end box. We would explain the reward value 
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of the irrelevant incentive by its historical 
and contemporary association with primary 
reinforcement. Not only have the perceptual 
properties of the food been coupled with 
drive reduction in the animal’s lifetime, but 
also in its daily consumption of food in the home 
cages. The data do not permit any inference aS 
to whether or not stimulation by the irrelevant 
incentive or the “expectation” of its presence 
serves to induce a drive, but this is another 
possible explanatory mechanism. . 

A crucial issue in this area of research is the 
completeness of satiation (9). The critic 15 
certain to ask: “But were the animals 76 4 
satiated?” All that can be said in reply 15 bes 
in only one instance out of 180 opportunitie 
was any consummatory action shown towan 
the irrelevant incentive. This S's data po^ 
discarded whenever they affected the gu 
level of significance. And on no occasion mali 
Ss observed to eat the food provided in t 


jon 
P E Mus frustrato 
Again, the striking incidence of action 


adequately explained by a fatigue-like 164 
tive inhibition process (4), especially 
the 24-hr. intertrial interval? If, on t by 
hand, it is attributed to frustration (1), they 
are Ss frustrated in an apparatus where E 
have never experienced primary reinforcer 
and presumably have no expectation for ie 
reward? One hypothesis might be tha ation 
prolonged privation itself induces 2 frusto 
state, which is alleviated partially > | 
irrelevant incentive. This hypothesis apP of 
somewhat untenable from the resu 
Wickens and his collaborators (12). 


SUMMARY 


to 
The purpose of this investigation oe A 
ascertain if the sight of food function ngs 
secondary reinforcer for thirsty, nO rae a 
rats. Since the experimental Ss travel ent] 
runway to food more rapidly and consis as 
than control Ss ran to an empty bom ec 
concluded that learned reward 1$ : 
when another primary drive is presen ^ 
The reward value of the irrelevant nt 
was explained by its historical’ an ye ctio? 
rary association with primary Leo also ie 
Wheter or not a learned drive pes fiec 
volves in producing the differen 


tiv? 
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Could not be determined by the present experi- 

mental design. 

rue occurrence of intense “emotionality” 
Ting the tests was seen as unaccounted for 

an en inhibition or a frustration theory 

iu ‘bition. A tentative hypothesis was 
Bgested for this behavior. 
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THE INFLUENCE OF PREVIOUS EXPERIENCE AND RESIDUAL EFFECTS 


OF DEPRIVATION ON HOARDING IN THE RAT! 
JAMES G. HOLLAND | 


University of Virginia 


Theories of hoarding behavior differ prin- 
cipally in their interpretation of the origin 
and motivational basis of the behavior. The 
instinct theory (7, 8, 10) denies that experience 
influences hoarding (except for general famil- 
jarization with the situation), while the learning 
theory (2, 4, 5, 6) proposes that the learning 
process operates to increase the response 
strength of hoarding. This theory further 
claims that learning provides the motivational 
mechanism for the continuation of hoarding 
when primary motivation is apparently 
absent during the first few days of satiation 
following deprivation. The motivation oper- 
ating during this period is considered to be an 
externalized drive, as contrasted with the 
assumption of the instinct theory (8) that 
the primary motivation continues for a time 
after restored ad libitum feeding. 

The evidence is not yet sufficient to evalu- 
ate these theories. Stellar and Morgan (10) 
demonstrated more hoarding by rats after a 
deprivation feeding schedule of 18 days than 
by rats after only 1 day of deprivation when 
neither group had had previous pellet-carrying 
experience in the hoarding apparatus. But 
the increased activity known to occur after 
the establishment of a feeding cycle (9) may 
have resulted in more rapid learning by the 
animals that had long been on the deprivation 
feeding schedule. At the same time, the evi- 
dence for learning found in the early alley 
activity (4) can be interpreted with ease as 
being the result of alley familiarization rather 
than the learning of the hoarding act itself. 
Some presumptive evidence that hoarding is 
learned is found in the fact that hoarding is 


1 This paper is based on a thesis submitted in partial 
fulfillment of the requirements for the degree of Master 
of Arts at the University of Virginia. The results were 
also reported to the psychology section of the 1952 
meeting of the Virginia Academy of Science. The author 
wishes to express his gratitude to Dr. Frank W. Finger 
for his invaluable guidance and generous contribution 
of time. The writer is also indebted to Dr. Lyne Star- 


ling Reid. 
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retarded if the animal is not allowed reinforce 


ment in the form of eating after carrying the 
pellet to the home cage (6), but the animal may 
merely be learning to eliminate being 2 
turbed by Æ. Clearly, the role of the learning 
process in hoarding behavior is in nee 
further investigation. 

The present study offers a test of the m 
hypotheses concerning the origin of the At 
havior by investigating hoarding 1n anim E 
when they differ with respect to hoarding ^ 
perience. The learning theory 
that experienced rats would hoard mor heory 
nonexperienced rats, while the instinct : ; 
would predict no difference with respect to 
variable. In addition, the assumption 


inu 
hoarding scores are influenced » hk [S of 


primary motivation persisting à iding | 
unrestricted feeding is tested by provi ly 
diate 


different lengths of deprivation imme 
prior to this period of feeding. 


METHOD 
Apparatus 


Four batteries of five individual living ie ; 
and a battery of five enclosed hoarding alleys W uced by 
their design was patterned after the one inc hoard? 
Hunt (3) and subsequently use 
studies. 


Subjects 


es each 


d in many 


: ain wer 
Eighteen female albino rats of the Wistar of tb? 
used. They were 145 days of age at the beg 
experiment, and 195 days of age at the er, idua Y 

The animals were placed in the in ime? 

cages 35 days before the beginning of the 
At this time their diet was changed frc 
Calf Manna, used in the colony, to Pores 
in the checker form. This diet was use thr 


experiment. 


from 


erime” g 
Ten days before the beginning of the b p tab! 
the animals were assigned to groups by md each Gya 
of random numbers. There were six group d indivi yes 
taining three rats. The rats were reeset a of € 
living cages in such a manner that ES one rat yt 
had any group represented by more que days b ot 

A light-dark cycle was establishe held cons mi 
the reginning of the experiment an 6:45 P3 
therejfter. The lights were on from 
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EE 
le dat, and off from 7:30 aat, until 6:45 pat. On 
i Omin oe was allowed, the first battery began 
a b Parii session at approximately 9:30 
m AS battery at approximately midnight. 
ER the experiment, the temperature of the 
room was maintained at 75? F. + 1.5". 


Experimental Treatment 

The first 
Permittin 
Ence whil 


PAL, 


E Lrg of the experiment was devoted to 
le the other mem to gain hoarding experi- 
£ alley. For 20 r half acquired only familiarity with 
3 30-min. Sel consecutive days, each rat was given 
eike s with access to the alley. One hundred 
ch rat tase ad been placed in the alley food bin of 
While each at was to be allowed to receive experience, 
ood bin “ia of the no-experience group found its 
during the zd No food was left in the home cages 
Tals to aed sessions in order to encourage the ani- 
pro tivation a ratier than eat, in the cage. 
vided by a q ring this period of the experiment was 
eia e vation fending schedule. The rats 
M the iat for approximately 23 hr. and had food 
ton with cage for the }4-hr. interval preceding the 
we Opportunites to the alley. The animals lacking 
le trval of ae eat in the alley were given a further 
heth Of this į tae following the alley session. The 
DEN Weight 5 erval of feeding was so regulated that 
the rats fee were equated with the weight losses 
Ollow; ving experience. 
qned Hives 20-day period the animals were re- 
Dl the origina] itum feeding until, after 19 days, return 
Ste for all rt idy weight was approximately com- 
Urin k 
Varial Roe next three days the second experimental 
on e rtud, subdividing the experience 
benc Phplete M groups. Six of the rats were placed 
feg: Anothe, od deprivation for the full three-day 
or the = were continued on the unrestricted 
ting deprivati rst 24 hr., and then placed on complete 
ed on ten for 48 hr. The remaining six were con- 
SOT Us, aoe libitum feeding throughout the three 
ley Tats that nS were six subgroups—three of experi- 
hg, HlVation G e undergone either 0, 48, or 72 hr. of 
7 Sbeenct weeTOUPS Eo, Ea, and En), and three of 
ie ol Es nnt had undergone either 0, 48, or 
4 pter this stus (subgroups No, Nis; and Nz). 
Were of SM UOI all the animals were permitted 
x Siven a shee feeding, at the end of which they 
Theo? for whi ae hoarding session. This is the test 
mals ae the theories predict different results. 
ean ERE continued on ad libitum 
Ape h test pss daily for eight days. At the beginning 
E sion, E left five food pellets in the home 


Phe of RESULTS 
A "t berienc, 


. Eood ;, a. 
mete qe dication of the influence of ex- 
on ded in the mean for the experience 
the me t day 1 (28.2 pellets) as compared 
May 1 (4 n for the no-experience group 0n 
4.9 pellets). Analysis of variance 


[4 
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on a log transformation of the hoarding scores 
shows this difference to be significant beyond 
the 1 per cent level of confidence. Furthermore, 
there are only two cases of overlap between 
these two groups. One no-experience rat (from 
subgroup No) hoarded 31 pellets, and one ex- 
perience rat (from subgroup Eo) hoarded none. 

It was noted that during the eight test days, 
five of the animals carried at least one of the 
five pellets from their home cage onto the 
alley. An especially interesting case of this 
“reverse hoarding” is found in the record of 
the deviant experience rat, which had a hoard- 
ing score of zero during the test period. Al- 
though this rat did not carry a pellet into the 
home cage, it was the most frequent "reverse 
hoarder,” carrying all five of its pellets onto the 
alley on test days 1 and 2. This is more interest- 
ing in view of the fact that this rat hoarded 
during the early part of the training period, 
but ceased to hoard and began to eat at the 
food-bin end of the alley during the later part 
of training. It may be significant for the re- 
inforcement-learning theory of hoarding that 
it was to this site of eating that the rat carried 
pellets during the first two test sessions. 

A second suggestive observation is found in 
the distribution of hoarding within a 30-min. 
session for rats just beginning to hoard. The 
scores for the single no-experience rat that 
reached a high level in the first test session 
clustered largely in the second half of the 30- 
min. session. The number of pellets carried by 
this rat in the successive 5-min. intervals was 
2,103.55 9, 1, and 14. In the second test session 
another no-experience rat began hoarding and 
reached a total of 42 pellets. A similar distribu- 
tion over the 30-min. session was found for this 
rat, which, in sucessive 5-min. intervals, 
hoarded 1, 0, 0, 2, 20, and 19 pellets. In con- 
trast, the scores for the experience rats were 
distributed evenly over the 30-min. test session 
on day 1, and dropped off in the latter portion 
of the session on day 2. This comparison sug- 
gests that the gradual rise in hoarding shown 
by the two no-experience rats represents ac- 


quisition of hoarding. 


Effect of Deprivation 
It became evident in the 20-day training 
riod that the deprivation variable could not 


e 
F in the usual manner. During this 


be evaluated 


246 


TABLE 1 
Means and Standard Deviations for Subgroups Dif- 
fering in Hoarding Experience and Length of Food 
Deprivation Ending 24 Hr. prior to the Test 


HOURS OF DEPRIVATION 


GROUP 0 48 72 Combined 


Mean| SD |Mean} SD |Mean| SD |Mean| SD 


16.3/16.5/57.3|3.4]11.0/5.7/28.2]2 


Experience 
11.0/14.2| 1.7]2.3| 2.0/0.6| 4.9 


1.8 
No experience 9.4 


period the three experience rats, which were 
later to be deprived for 48 hr., had a daily 
average of 49.0 pellets as compared with 19.1 
for group Eo and 19.9 for group Ez. These 
three subgroups had, up to this point, been 
treated exactly alike; therefore, differences 
between them were simply a result of an un- 
fortunate sampling error. To take these dif- 
ferences into account, the average score for the 
20 days of training for each rat was subtracted 
from its score on the first test day. The result- 
ing scores, then, represent the change in 
amount of hoarding, with the mean for the 
20-day training period taken as the base line. 
The mean number hoarded by experience rats 
deprived for 48 hr. increased by 8.3 pellets 
over their average daily scores made during 
the training period, while the means for the 
other two subgroups of experience rats de- 
creased (Eo, 2.8; Er, 8.9). There is no overlap 
in the difference scores for these three sub- 
groups, and analysis of variance for the log 
transformation of these difference scores in- 
dicates that the null hypothesis may be re- 
jected at the .05 level of confidence. 

Because of the dubious validity of the 
method used in evaluating the influence of 
deprivation on the hoarding by experienced 
rats, this portion of the experiment was re- 
peated with 20 Ss. The second study demon- 
strated a similar trend, but the results were 
not statistically significant (F = 1.199). 

The influence of deprivation upon the hoard- 
ing score for the nonexperienced rats can be 
seen in Table 1. The difference between these 
subgroups is not statistically significant. 


Effect of Continued Feeding and Testing 


On successive test days the difference be- 
tween groups diminishes rapidly. The scores 
for the experience group dropped on the second 
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test day. The mean for these animals dropped 
from 28.2 pellets on test day 1 to 9.6 pellets 
on test day 2. The mean for the no-experience 
group increased from 4.9 on day 1 to 8.6 on 
day 2. On the third day hoarding was greatly 
reduced for both experience and no-experience 
rats; and from days 4 through 8, the scores 
had leveled off, with subgroup averages ranging 
between 3.0 and 0.7 pellets. 


DISCUSSION 


A P TT is for 
Earlier experiments provide little basis fo 


choice between the instinct theory an ; 
learning theory of hoarding, since the data ar 
in accord with both. However, of the two, 0D y 
the learning theory is capable of account 
for the results of the present study. The E 
perienced rats differed from the nonex pene ns 
rats in having had 20 daily 30-min. sess nd 
with the opportunity to hoard. The bw 
found in the hoarding scores during the this 
test session can obviously be related to di 
variable. The low scores of the nonexperie? ie 
rats cannot readily be interpreted as the E 
flection of emotion elicited by strange op- 


roundings since there had been amP d the 


of a bodily deficit since the experience“ p 
nonexperienced rats had had equivalent á 
rivation histories. Clearly, then, the nb 
theory, in its present form, is unable to ac 
for this difference in hoarding scores. — 
The manipulation of the deprivation van” 
yielded equivocal results. For the exp E 
rats a trend was observed that sugges is fir 
as recent deprivation increases, there sevel? 
a rise in performance, and then, as DO a 
deprivation is used, a drop in paton * 
But the present study cannot be reg? s the 
definitive on this point. Nevertheles S) io? 


i ests that primary MO” tors 
literature sugg » 4 hr. after res"? 


Bahrick (Qut 


; i ituation ©. 
example, has shown in a learning situa iyati 


(within the limited range used), 
the learning occurring afte 
been returned to unrestricte A 
present study, however, only sugges ive statt 
sibility of such a persisting pine apia j 
withaut unequivocally demons 


reality. 


d feeding: 


SUMMARY 


e, resent study was designed to de- 
significant Rs Wee or not learning is a 
ond, wh Dg in hoarding behavior, and, 
following Sa er the motivation for hoarding 
ing prima ecent food deprivation is a persist- 
drive, ty drive or an acquired externalized 


Al 
Hg fe St were given access to the hoarding 
-of food oer lj-hr. sessions, under 23 
Stoup fiers “eprivation. For the experience 
t Send food in the alley, which per- 
S No-experi ition of hoarding experience. For 
P the alle tience group no pellets were placed 
to Anipul] and thus opportunity for learning 
n e. ate food in the situation was lack- 
g cycle recovery from the deprivation feed- 
8, r 2 the rats were subjected to either 0, 
trea ment hr. of total food deprivation. This 
Mg et Va immediately followed by 24 hr. 
Were test ìcted feeding after which the animals 
: iin for hoarding. 
Keate p group hoarded a significantly 
S Perience p, er of pellets than did the no- 
a Op indicating that learning has 
Car s in hoarding behavior. 
tig. 8 the ing differences were obtained 
rent de No-experience subgroups with 
Privation histories. Although in- 
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conclusive, the results for the experience sub- 
groups suggest residual effects of deprivation 


on hoarding. 
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ONE-TRIAL DISCRIMINATION REVERSAL IN THE WHITE RAT 


ROBERT H. DUFORT, NORMAN GUTTMAN, anp GREGORY A. KIMBLE 
Duke University 


In a discrimination-reversal experiment, S 
learns a series of discriminations in which the 
positive and negative stimuli are reversed on 
successive problems. In the first problem, S 
learns to respond positively to one member of 
a pair of stimuli to obtain a reward. On the 
second problem, the other stimulus becomes 
positive, and S learns to respond to it. The 
execution of a one-irial discrimination reversal 
requires S to respond positively to the pre- 
viously negative stimulus after a single non- 
reinforced response to the previously positive 
one. 

The purpose of this experiment was to de- 
termine whether or not the white rat can learn 
to make a one-trial discrimination reversal; 
it was prompted by the fact that the two most 
pertinent studies of this sort produced con- 
tradictory results. Buytendijk’s (1) rats showed 
one-trial reversals after 5 problems or fewer. 
North (3, 4) was unable to obtain this result 
in 60 problems. An experiment using pro- 
cedures different from those of other investiga- 
tors thus seems in order. 


METHOD 
Apparatus 


The apparatus used in this experiment was the dis- 
crimination box developed by Grice (2). It consists of 
a starting box, a choice compartment, and two food 
boxes with distinctive patterns. The S receives a food 
reward if it noses open a small metal flap located in the 
center of the correct food box. In this experiment both 
food boxes contained food to control for odor cues, and 
the metal flap on the incorrect box was locked. In order 
to facilitate learning, the distinctive food boxes re- 
mained in the same position throughout the experiment. 


Subjects 

The Ss were 9 albino rats, 100 to 140 days old. They 
were given several days of preliminary habituation in 
the apparatus in which they learned to get food from 
each of the food boxes and in which their position pref- 
erences were noted. During the experiment they were 
maintained on a 23-hr. feeding schedule and were fed 
wet mash at the completion of each experimental ses- 
sion. The reinforcement used in the experiment was a 
16-in. cube of commercial liverwurst. 


Procedure 


After habituation, Ss learned a seri 
discriminations. On the first problem, t 
against its position preference. When t 
the previously negative goal box was ma 
the second problem. The third problem was 
as the first, and so on. Thus, for a rat with s 
position preference, the sequence of correct £9 
for the ten problems was LRLRLRLRLR. 

The Ss received four trials a day. On into 
animal was released from the starting s wering 
choice compartment by raising and then lo tbe co 
sliding door. When S had taken the food from U^ rect 
rect food box or nosed against the 2 
one, doors in front of both food boxe T 
Correction was not permitted. iment 

Like Buytendijk’s, but unlike North's expeti ye 
this one employed a criterion. The P. b 
versed when the rat had made 11 out o 
sponses, with the last 8 correct. Thus, C0" = Ji the 
could be mastered in a minimum of three daily 
criterion was met in the middle of one of the "n 
trial sessions, the problem was not rt 
following day. It will be noted that, to ™ 
rion, the rat had to “remember” the cof 5 
for approximately 24 hr. between daily sessio 


es of ten position 
he S was train 

his was learn S | 

de positive d 
the sam 

a right 

] box 
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RESULTS E 

The results of the experiment PP’ a^ | 

Figure 1, in which mean number of E pef 

problem is plotted against the ordi ; 
of the problem. The rise in the curv? |. jj 

problems 1 and 2 means that, On | 


[s] 
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Fie. 1. Mean number of errors on ea 
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an the position preferences of the rats 
Buished, T d strong and were easily extin- 
Position i dens second problem, however, the 
— " it learned in the first problem was 
cd nd difficult to extinguish. Beyond the 
until ples the curve declines steadily 
eed 8, 9, and 10, all the rats 
eet one-trial reversals. One of the most 
mar ELA ede of the experiment is the re- 
animals di i aped of behavior that the 
ersed etl ayed. The first rat to learn a re- 
jon probl em in one trial did so on problem 
i E E but one rat produced a one- 

owed such cade problem 8 all of them 


DISCUSSION 


Nor 

Count a Offers several hypotheses to ac- 

and those the difference between his results 

Ne-trial un Buytendijk, who also obtained 
iscrimination reversals in rats. He 


oes 
not 
» however, suggest what now seems to 
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us to be the important variable, the use of a 
criterion of learning. The major suggestion 
emerging from a comparison of our results 
with those of North is that the ease of dis- 
crimination reversal, at least up to a point, 
is aided if the original discrimination is well 
learned. An obvious next step is to study dis- 
crimination reversals in a number of inde- 
pendent groups of Ss that differ in the level 
of performance required to meet the criterion. 
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A REPETITION OF THE CALVIN-BICKNELL-SPERLING STUDY OF 
CONDITIONED DRIVE! 


PAUL S. SIEGEL 


University of Alabama 


Calvin, Bicknell, and Sperling (1) recently 
reported a finding that is both startling to the 
reinforcement theorist and puzzling to the 
student of hunger. They employed two groups 
of albino rats, exposing each animal indi- 
vidually to a distinctive environment (a striped 
box) for 30 min. daily. The animals of one 
group (high drive) were placed in this environ- 
ment following 22 hr. of food privation; the 
animals of the other group (low drive), after 
1 hr. of food privation. No animal received food 
or water in the distinctive environment. 
Rather, daily rations were administered in 
the home cages at a much later time. This 
procedure was repeated until all animals had 
been given 24 such daily experiences, and then 
the critical test was introduced. Each animal 
was food deprived for approximately 1114 hr. 
(intermediate drive level) and then placed in 
the distinctive environment with food present. 
Under these conditions, the food intake of the 
high-drive group was reliably greater than 
that of the low-drive group. The authors con- 


cluded: 


These results suggest that a previously neutral 
stimulus situation (the striped box) can acquire moti- 
vating properties from association with a relatively 
strong drive state. These results are interpreted to sug- 
gest that reinforcement is not essential for the estab- 
lishment of a conditioned drive (1, p. 175). 


The implications of the Calvin-Bicknell- 
Sperling experiment are far-reaching. The 
results are embarrassing to the learning theorist 
who holds to the principle of reinforcement. 
They cannot be “squared” with the psycho- 
physiology of hunger. The present study was 
undertaken with the conviction that the study 
should be repeated. 


METHOD 


With little change, we have followed the methodol- 
ogy employed by the original investigators. We shall 
note any significant variation. 


1 This research was supported in part by a grant 
from the Research Committee of the University of 


Alabama. 


AND 


MALCOLM F. MacDONNELL 


Brown University 


Thirty-two male albino rats of the Sherman Es 
varying in age from approximately 150 to 170 du 
were utilized as Ss. At the beginning of the experimen 
weights ranged from 208 to 364 gm. 

The distinctive environment cons 
cage of triangular floor plan. The sides wer inside 
of 14-in. plywood panels, 12 in. square. The Au 
surface of each panel was painted with alternate a 
and white stripes, approximately 14 in. wide. pura 
bottom surfaces consisted of hardware cloth of bulb 
mesh. Illumination was afforded by a single 7-- cage 
suspended about 1 in. above the center o the vesti- 
On the recommendation of one of the previous origina! 
gators,? the “hurdle,” which was used in te gato 
study to further the distinctiveness of the s! 
was omitted as superfluous. 

Sixteen of these special 
in nests of four, they occupied an area 
10 ft. During the experiment, each anim 
placed in the same box. 

The procedure conveniently brea! 
stages: adaptation to the feeding cycle, exposure 
unique environment, and the critical test ‘series. the? 

All animals were handled until docile que con 
placed on a once-daily feeding schedule. Ratio pow 
sisted of a wet mash of ground Purina Laboratory thre? 
checkers and water, in the proportion Ot , to al i 
by weight. The mash was administered daily (9 £5 pat 


mals in individual home cages, beginning at det 
gered Or“ of 


ted precise cor pe 


isted of a wood"? 
e fashion” 


d 
cages were we uis i 
ns zi ond alvo 


i ee 
ks down into w 


25 gm. daily. This provides on 
food (Purina) and was probably ca 
to sustain normal weight. No weight 
in the original study, but it is our guess tha a 
Bicknell-Sperling animals lost weight qund tate 
of the experiment and probably suffere s : 
semistarvation in the terminal stages. " ential b i 
make for some “blurring” of the drive difere o gu 
tween the two groups. To avert this, we fixe the am 
tion of the daily feeding interval rather than B 
of food. Our animals showed a steady P foo ^" 
weight gain. Our procedure was to present 

ture for 2 hr. on the first day, 1 hr. on 
on the third, 15 min. on the fourth an 20 
min. on the sixth and seventh, and for a 
thereafter. Daily records of body We 3 nif 
intake were taken, and the 20-min. inte weight g 
to be the briefest that permitted mom a 

This feeding interval was observed un! 


the remainder of the experiment. me 
Alter 11 days of adaptation to the feeding 
D 


s were 


mu 199° 
? Calvin, J. S. Personal communication, 


250 


CONDITIONED DRIVE STUDY 


dien experience was instituted. At this point it was 
he a to select the two groups. To insure sensitivity 
E Ug statistical evaluation, it was decided to 
mabe: two groups and thus control intragroup 
Rae oF xe The mean daily food intake for the last 4 
sional m = adaptation period was utilized as a provi- 
AES atching criterion. The animals were paired on 
Fidoiy of this criterion, and one S of each pair was 
group z assigned to either the high- or the low-drive 
igh-dri OF the 24 subsequent days, each animal of the 
daily 22k group was placed in the box for 30 min. 
of the 1 in after the daily feeding period. The animals 
min, pe group were placed in the box for 30 
s pee r. after their daily feeding period. Again, a 
exact ce schedule was employed, making possible an 
es e of all time intervals. In the entire experi- 
minute S argin of error nowhere exceeded one full 
etween "e high-drive animals occupied the boxes 
tive ani e clock hours 5:20 and 6:35 p.at.; the low- 
Weights nimals, between 8:20 and 9:35 pat. Body 
às not bs taken every three days, and a steady gain 
died, ed in all animals but one. This animal very soon 


f ea An critical test was conducted on the morning 
Were fo, ae -fifth day. The animals of both groups 
In the od deprived for 112¢ hr. Each was then placed 
Striped box with a weighed food cup containing 
Temoved paste. At the end of 10 min., the cup was 
t the and a second cup immediately substituted. 
both einn of 20 min., the animal was removed and 
Tecorq a reweighed. In this fashion, we obtained a 
full 20° food intake for the first 10 min. and for the 
Peateg min. of the test trial. This procedure was Te- 
the mcs the evening of the twenty-fifth day and on 
Ig the, ning and evening of the twenty-sixth day. Dur- 
Was o} Ce three trials, a 12-hr. food privation interval 
Observed. 

Bent i Original investigators employed food measure- 
We e tervals of 5 and 15 min. during the test trials. 
Cted to use longer intervals to increase reliability. 


RESULTS AND DISCUSSION 


t * able 1 summarizes our findings. During 
foog ->t and most critical test trial, the mean 
Wag intake of the low-drive group (V = 16) 
the pound to be slightly greater than that of 
initig Eh-drive group (N = 15) for both the 
inte! 10 min. and for the full 20-min. test 
& b. : A comparison of mean intakes for the 
Mieren S of test trials reveals the same slight 
; lt SI favoring the low-drive group. 
ing ell be recalled that immediately follow- 
Qo go non to the feeding schedule, our 
Asis ee were provisionally matched on the 
On, sey food intake. Although there is 
uudence to suggest that the amount 
Orically constant diet that is ingested 
x the rat is unvarying, we re-examine 
groups at the conclusion of the experi- 
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TABLE 1 
Mean Food Intake in Grams during Test Trials 


GROUP 


PERIOD E Le ? 
High Drive Low Drive 

First 10 min. of first | 12.7 5.7 | 14.24 6.5 |.50> p 2.40 
test : 

Full 20 min. of first | 26.6 = 7.7 | 28.4 + 7.9 2.50 
test 

Total of allfourtest | 99.1 Æ 18.8 | 105.3 + 13.2 >.50 
trials | 


ment to make assessment of the extent to 
which they were matched at the time of the 
critical measurement series. For the four days 
immediately preceding the critical test series, 
the mean daily food intake of the low-drive 
group was found to be 40.3 gm. with a standard 
deviation of 6.65. The high-drive group yielded 
a mean of 41.4 with a standard deviation of 
5.96. It is apparent that no significant separa- 
tion of the two groups occurred during the 
intervening three weeks. At the time of test- 
ing, they were well matched with respect to 
the criterion. Mean daily food intake for the 
four days preceding the critical tests was found 
to correlate .538 with the 10-min. intake dur- 
ing the first test, 505 with the full 20-min. 
intake, and .320 with mean total intake for 
all four tests. 

The slight mean differences favoring the low- 
drive group, reported in Table 1, were evalu- 
ated for significance by employing the ¢ for 
matched groups. In each instance the standard 
deviation of the difference was reduced by in- 
corporating one of the above positive correla- 
tions into the formula. Each of the obtained 
['s was less than 1. As the corresponding p 
values of Table 1 clearly indicate, all our dif- 
ferences may be readily attributed to the opera- 
tion of chance. 

Our findings do not agree with those of 
Calvin, Bicknell, and Sperling. We can offer 
no explanation for the disagreement. Strain, 
age, and weight differences in Ss and the em- 
ployment of a test interval of greater duration 

o constitute inconsequential 


would seem to 
methodological differences. Our control of 


daily feeding does represent a significant pro- 
cedural deviation. But, as noted earlier, by 
sharpening the drive differential during ex- 

sure to the distinctive environment, our 


operations should make for an even greater 
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separation of the two groups during the critical 
test series. 


SUMMARY 


Calvin, Bicknell, and Sperling have reported 
an experiment that suggests that in the absence 
of known reinforcement a neutral stimulus 
situation may take on motivational properties 
from repeated association with a strong drive 


state. The present study, a repetition of their 
experiment, failed to con 
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DISTINCTIVENESS OF COLOR, FORM, AND POSITION CUES FOR 
PIGEONS! , 


LYLE V. JONES 
University of Chicago 


In z 
ing pem laboratory discrimination learn- 
» Situation, response to one of ir of 
ED mper d soe at a 
vhile bebe positive stimulus, is reinforced, 
tive simalu to the other stimulus, the nega- 
consi Besitos is not reinforced. An important 
tinsic dim. v discrimination learning is the 
e cue zm ty involved in the recognition 
Otmation n set of cues that provides the in- 
Stimination erp a for the appropriate dis- 
imulus, T of the positive from the negative 
criminate "n order to be able to learn to dis- 
: Ea stimuli, an organism must first 
Tension (e. of perceiving the relevant cue di- 
Must be Fi color, form, position) and also 
n imensio to recognize the difference in that 
tom the n which distinguishes the positive 
oË this negative cue. The comparative ease 
Cong? tWofold perceptual 
tin idered 4 ndi rceptua process shall be 
Ctivenesg” of oo of the relative “dis- 
f, ete memb e cues involved. m" 
cue Each other ers of a stimulus pair differ 
of Etki with respect to more than one 
ae le Cues n, any one or any combination 
ie Ration, $7. serve the S as a basis for dis- 
R in an ambiguous-cue problem 
Teg? W tard presented to Ss of the present 
foe et to pos pairs of stimuli differ with 
ted (circle y lon (right vs. left stimulus card), 
to stimulus s. triangle), and color (green vs. 
the termin card). The procedure is designed 
8 € the relative distinctiveness of 


The one reported study attempting to de- 
fine the relative difficulty of various sensory 
discrimination learning problems in pigeons, 
that of Rouse (4) in 1906, is one that suffers 
from lack of control of experimental condi- 
tions. The most notable defect in the design 
is the uniform order of presentation of prob- 
lems. For all Ss, position discrimination train- 
ing was initially presented, followed by color 
training, and finally by form training. The ob- 
tained results (Rouse reported a gradient of 
difficulty from position discrimination through 
color discrimination to form discrimination, 
from the easiest to the most difficult problems) 
might be attributable either to interference of 
earlier learned response habits or to real dif- 
ferences in difficulty of problems. 

Studies in this area, using Ss other than 
pigeons, provide conflicting results. For ex- 
ample, results of studies comparing the diffi- 
culty of form discrimination and color dis- 
crimination in anthropoid Ss have been notably 
inconsistent. Early investigations suggest that 
monkeys are able to associate food with forms 
more readily than with colors (8, pP- 375-376), 
while a number of more recent studies have 
indicated that, for the monkey, color dis- 
crimination is easier than form discrimination 
(e.g. 1)- , : 

In surveying findings concerning the rela- 
tive difficulty of position, form, and color dis- 


crimination, one discovers not only results 
species, but 


As Tee sets of ~ 
£ cues fi h ; 
this ; Check of Eie ;, differing for animals of different 
initia) c* Of the results of performance in ering : Ms 
ES " lal investigati p. also a disparity of results for animals within 
NM MU tested s ation, Vip are ae iod particular species. Further, such studies supply 
i di, tion Prob Or speed GE TE E fis results derived from only certain limited ranges 
osig tte b oblems for which the solutio® of the various stimulus dimensions investi- 
‘Sn, mH E to be the discrimination of gated. Certain forms are arbitrarily chosen 
hup isp » or color cues. from an infinite number of possible form 
Wy ite, Per i muli; lors presented the ex erimental 
hiy ted 18 ba: ; " i stimuli; the co'o P d SZP 
fe sty to the UNE: ee aan oe el Ss far from exhaust the possible different colors 
Qe. Ph, Partial fulfillment d ps ey airements available for use- In addition, it has not been 
deest RO Dno. The write indebted to Dr- — possible to scale the stimulus dimensions so a 
Pügh o (era Dr. Calvin P. Stone, 277. "to enable presentation of pairs of form stimuli 
or their invaluable guión i olor stimuli for which the dis- 
€ Course of the study. à and pairs of c 
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criminative differences may be assumed to be 
equal. In view of these restrictions, results 
must be viewed in relation to the conditions 
imposed in each study. Generalization of con- 
clusions, even within a particular species, is 
severely limited. 


METHOD 


Subjects 


Six experimentally naive Silver King pigeons, three 
male and three female, served as Ss. While all were 
over two years old, their exact ages were unknown. All 
Ss had been living in laboratory cages for a period of at 
least four weeks before the onset of training. During this 
period each S received a daily food ration of from 10 
to 16 gm. of mixed-grain pigeon feed, the exact amount 
determined so as to stabilize the S’s weight at a level 
between 75 and 80 per cent of its weight under free- 
feeding conditions. Water and grit were available to 
the birds at all times in containers affixed to the rear 
wall of each cage. 


Apparatus 


Each S was housed in a modified Skinner box, 26 by 

30 in., 22 in. high, which served both as living cage and 
experimental box. Three sides of the cage were plywood, 
the fourth was glass, and the top and bottom were 
chicken wire. On the floor of the cage, centered, was a 
small, wooden roosting block. On the right side of the 
cage, as viewed from the glass front, was a retractible 
food tray, 114 in. from the floor of the cage. Two plas- 
tic containers, for water and for grit, were attached to 
the rear wall 3 in. from the floor of the cage and within 
8 in. of the right wall. On the left side of the cage a 3-in. 
strip was cut out from the wall, parallel to the floor, 
providing for the presentation of stimulus cards. The 
base of this stimulus panel was 4}4 in. from the floor; 
sheet metal strips inserted in the panel served as shut- 
ters in front of the stimulus cards. The shutters were 
kept fully closed except during training sessions. 

Stimulus cards consist of: (a) a 3-in.-square gray 
card of Munsell (9) brightness value 7; (b) a “strong” 
red equilateral triangle of brightness value 4, area 2.9 
sq. in., cemented to a 3-in.-square white background 
card; (c) a “strong” green triangle, brightness value 6, 
of the same area, cemented to an identical background 
card; (d) a red circle, area of 2.9 sq. in., cemented to a 
3-in-square white background card; and (e) a green 
circle of the same area affixed to an identical back- 
ground card. All stimulus cards were cemented toa 
plywood board designed to slide into the stimulus panel 
of the Skinner box. 

The only light sources in the € o 
frosted skylights, located centrally so that light was 
approximately equal in all experimental cages. Trials 
were run at intervals of 24 hr. (never less than 23 or 
more than 25) in mid-afternoon, so that light conditions 
varied only slightly from day to day. 


xperimental room were 


Procedure 
Preliminary training. Since all Ss were experimentally 


naive, it was necessary to include preliminary training 
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sessions in order that the birds would learn to peck at 
the stimulus cards. The method employed was that 
which Skinner called the method of successive approxi- 
mation (5, p. 339). The S was first trained to orient 
toward the left side of the cage, then to peck at a stick 
near the left wall of the cage, and, finally, to transfer 
the pecking response from the stick to the neutral gray 
stimulus card. This change in behavior was effected by 
rewarding the various sequences of responses with a 
few grains of feed. All Ss mastered the final card-pecking 
response within nine days of training, or 225 trials. 
Experimental training. A “correction” method was 
used during all experimental training trials. The S was 
permitted to consume between six and eight grains 9 
food immediately after each correct response. A T 
sponse consisted of a pecking movement resulting ! 
contact of the bill with one or the other stimulus car $ 
Two Es were present during each experimental i 
sion. One presented the stimulus cards and deos 
and controlled the switch of the time clock; the o! 
recorded the time and error scores for each trial. de 
On the day following mastery of the response Sid 
gray stimulus card in preliminary training, cac 4 the 
given 25 trials with the red triangle to the lesten s 
green circle to the right. A peck at the green circle bó 
rewarded. Solution of this problem was poss! e on 


5 i D 
basis of greenness, circularity, or right post gl 
the stimulus panel. On each succeeding day, for 

out error 


were given until each S responded with 
ten successive trials. 

After meeting this criterion, each S W os- 
day of test trials to determine which of the three Fon 
sible cues was the basis for the acquired discrimi ent 
Of the possible 16 pairs of stimuli, including C" wert 
combinations of color, form, and position, m 
chosen for the test trials (Table 1). These 4 P^ 
are the only ones which exhibit each of the e only 
(red, green, circle, triangle, right, left) once A 


once in every pairing. There are two advanta£ wi 
faced (0) 


an 


ras given one 


an insoluble problem during the 
each of the 4 patterns chosen exhi 
once, so that, in a series of trials, eac 
the same number of times. The S is force 
to red or green, circle or triangle, and right ^ 
each trial. 2 

The test day includes 5 initial trials identical pr 
of the preceding training session, followed : y 
trials, 4 trials with each of the pairs shown ie eal 
These trials were presented randomly with t s essiv® 
tion that no pattern was presented twice on a PE 
trials. During this test series there were night gra 
sponses; each peck was rewarded with six to € 


+ ne 
o ffood. S was assigns. 


Following the day of test trials, each n pos 
three diesimatoation problems: one based uP ined 5 
tion, one upon form, and one upon colon a in ont W 
Table 2. Each S was presented the proble: ted the i 
the six possible orders. The Ss were De vith ir 
stimulus patterns of Table 1 in random y times 9^; 
restriction that each pattern was offere nec at ys 
ing cach day's series of 24 trials. yos positio e 
given for a peck to the right asco "and to he 


lem, to the circle in the form 
card in the color problem. 
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RESULTS AND DISCUSSION 


Tniti iscrimi 
lial Discrimination Training 


Ew 3 are displayed the data for am- 
tials to en training trials. The number of 
Zesponses he criterion of ten successive correct 
table va Nine between 11 and 42. Compa- 
tals ee ility is shown in the number of 
"Wrong? ak S's initial peck was to the 
total e Stimulus card ("error" trials), in the 

umber of wrong pecks, and in the 


Median 4: 
dian time per trial. 


l i H 
Scrimy; 7 
‘mination Test Trials 


0 
test pene Fig 5 trials of the discrimination 
Were iden ; trials for which stimuli presented 
trainin ntical to those of the previous day’s 
for ere no S made an error. Results 
able 4 subsequent critica] trials are given 
sponses 2 which lists the number of observed 
Stimuli q of each S to each of the four pairs of 
te ee in Table 1. 
i een pon indicate a close correspondence 
"s tien patterns of response and 
D ient] 4 on the basis of a. hypothesis 
pu Ss (A ominance of a particular cue. 
gently to ü B, E, and F) responded con- 
ea or form ne green cue, irrespective of posi- 
resistent] » While two Ss (C and D) responded 
yeetdlesg t to the stimulus of right position, 
8S Der, fe of form or color. This correspondence 
ct for Ss C and F. No bird’s actual 


TABLE 1 


tim 

ulu 

hie, 5 Patterns Presented on Test Trials 
NON 

E LEFT STIMULUS RIGHT STIMULUS 
1 
1 a triangle Green circle 
E oa triangle Red circle 

k ME circle Red triangle 

ed circle Green triangle 
9, 
der TABLE 2 
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res, ; " E — 
entation: Final Discrimination Problems 


DISCRIMINATION PROBLEM 


Position Form Color 


weve 
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Qe Q) t9 m FO 


255 
TABLE 3 
Results of Ambiguous-Cue Training 
s TRIALS TO TOTAL TOTA] N 
WELCE- IE 3 —— 
A | M | 39 22 6 
a 8 
B F 42 18 48 PR 
C M 11 8 18 2:6 
p |F 38 26 182 3.4 
E|M 31 8 34 2.1 
FF| 2 12 53 | 20 
TABLE 4 
Observed Responses on Discrimination Test Trials 
SUBJECT 
STIMULI 
4|5|c|» |z|* 
L. Red triangle 0|1/0 | 0/0/0 
R. Green circle 4|3]4|4|4|4 
L. Green triangle 3|4|0/|0/|3,|4 
R. Red circle 1/0/4410 
L. Green circle 4|410/|1/|3|4 
R. Red triangle 0/0/43 | 1/0 
L. Red circle 0|1/0 dp 0 
R. Green triangle 4|3/4|4 | 4) 4 


s differed on more than 2 of the 16 
trials from responses expected (i.e., from a con- 
sistent pattern, with respect to either color 
or position). Analysis of scores on the dis- 
crimination training problem (Table 3) sug- 
gests no explanative differences between those 
pigeons responding to color and those respond- 
ing to position on the critical test trials. 


response 


Final Discrimination Problems 
al design for the series of 
n problems (Table 2) pro- 
vides opportunity for the transfer of learning 
from one problem to the next, and it is possible 
to analyze the extent to which responses ap- 
propriate to a particular problem dominate 
the errors that occur on à subsequent problem. 
We shall refer to error pecks that would have 
served as correct responses on the previously 
presented discrimination problem as persevera- 
tive errors. 
Tt is assumed that learning of discrimina- 
tion on each of the three problems presented 
in this experiment progresses, in continuous 
fashion, through three stages: (a) persisting 
to the relevant cue of the previous 
(b) perception of, and extra-chance 
the new relevant cue, and (c) ex- 


The experiment 
final discriminatio 


response 
problem, 
response t9, 
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TABLE 5 
Results on Final Discrimination Problems 
TRIALS TO CRITERION ERROR TRIALS TOTAL ERROR PECKS NONPERSEVERATIVE a 
S 'ECKS 
Color Pos. Form Color Pos. Form | Color Pos. Form Color | Pos. | T 
A ss | 193 | 199 | 22 | 63 | 62 | 100 | 199 | 234 | 13 | M E. 
B 106 | 34 121 30 is | 49 | 46 | 30 | 20 | 19 | 2 2 
e 78 59 121 19 11 37 68 73 222 1 0 m 
D 112 | 25 | 319 | 28 alas | 9 | 19 | 45| 2| 9| 525 
E 90 | 222 | 237 25 56 97 | 119 97 310 | 23 13 u 
F 39 27 | 48 8 | 10 | 26 33 | 108 182 1 | 5 
Total aso | sco | 1070 | 132 | 159 | 386 | 458 | 526 | 1618 | 59 | 33 E. 
Mean 80.0 | 93.3 | 178.3 | 22.0 | 26.5 | 64.3 | 76.3 | 87.7 | 269.7 | 9.8 5.5 i 


clusive response on the basis of that new cue. 
Perseverative errors would be expected to ap- 
pear on about one-half of the trials during the 
first, presolution stage of learning, since the 
perseverative response differs from the new 
correct response on half the trials. With the 
onset of the second stage, perseverative errors 
would be expected to decrease, and at the 
third stage they would disappear. At no time 
would we expect to find nonperseverative errors 
if the new cue were a perceptually potent or 
distinctive one. Nonperseverative errors would 
arise only if Ss failed to respond readily to the 
new cue. On the basis of this formulation, the 
mean number of nonperseverative errors for 
each problem will be inversely related to the 
distinctiveness of the cues relevant to solution. 

Four sets of related performance scores— 
number of trials to a criterion of ten successive 
errorless trials, number of trials on which at 
least one error preceded correct response, total 
number of error pecks, and number of non- 
perseverative error pecks—are presented in 
Table 5. Since tests upon scores in the columns 
of Table 5 provide evidence for heterogeneous 
variances, application of analysis of variance 
is not legitimate. Alternative nonparametric 
tests serve to demonstrate consistent and 
statistically significant performance differences 
related to the dimensions of the discrimination 
cues. Results support the contention that as- 
sociation of response with form cues is more 
difficult for the Ss than is association of re- 
sponse with either position or color cues. In 
particular, the striking differences among non- 
perseverative error peck scores for the three 
problems tend to confirm the hypothesis that 
the relative distinctiveness of color and posi- 


d with form, is chiefly. 


tion cues, as contraste 3 i 
in ease 


responsible for obtained differences 
discrimination learning. 
Since, in the present study, brig tics 
for red and green stimuli were nO! m. " 
it remains to consider the possibility En 
were responding not to differences in ce 
has been assumed, but to brightness differe 
The prepotency of hue over brightness 
been repeatedly demonstrated for chick 
197-200). That differences in bright? ion 
colored stimuli are irrelevant to 
of color discrimination problems on ated 
pigeons of the present study is demons" ipg 
by an auxiliary investigation. Af 
the color discrimination problem, 
presented with 16 trials on which E 
values of red and green stimulus Care ation 
reversed; for no S was the color discrim! 
habit disrupted. 4 
While the present study definitely § 
a greater difficulty in form dis 
in either position or color discr rence 
failed to demonstrate consistent diff imi 
favor either of position or of color c ani? 
tion problems. This may surprise som! 1 
experimenters, such as Spence, 
“Position habits, to the right or left, 
by far the most common systematic 
made by animals when 33 intro 
discrimination problem" (6, P- í 
likely that pigeons (and probably ize ie 
birds) throughout their life spans ost, ge 
cues to a greater extent than (n de? s 
animals. Thorndike's early study a ‘sti at 
streting pecking responses to color 


3 es 
patches in the one-day-old chick, ni 
some form of color discrimin: 


tat 
reps 
respo” dé 
duce i ce? 


ation ! 


55 cor 

at sd Lawrence (3) has reported 
Course of pak acquire distinctiveness in the 
Pigeon, in sel ience. Experience of the mature 
ion of thre ection of grain food and in recogni- 
ave mm in the form of enemy birds, may 
a cue, ced the distinctiveness of color as 


Resul 
Bu d the present study provide a direct 
Pigeons do te number of earlier reports that 
| itn d iae consistently when used 
| Fat that Eos (e.g., 8, p. 247). It would ap- 
pied, if Ss appropriate motivation is main- 
DS. sufficiently handled and tamed 
Perimenta] are thoroughly familiar with ex- 
f the bird: Cages, and if the response required 


the chi 
‘te chick. Recent work of Gogel and Hess (2) 


tl S p : 

m e Bies an appropriate pigeon response, 

€ labo, on is a consistent and hard-work- 
Tatory animal. 


SUMMARY 


Sh 
tras. CXperi 
ted ey naive pigeons were 
bc Peck a Pom of successive approxima- 
Wen ented in th imulus card when the card was 
t P. Su cited experimental cage. They then 
lus à ation probl to an ambiguous-cue dis- 
(nij, 'ension em in which the three stimu- 
d S were color (green vs. red), form 


ley © VS. tri 
QS t 
"A ie Fak ae and position (right vs. 


Ney 
This t 
‘te es 


us dineros her lem exhibited, 
‘ONS that € to determine the stimulus di- 
nt Bud served as relevant cues. 

to on each S to be responding con- 
Ss wer € of the three dimensions. Four 
i two Ss we URGE to color, while the 
Mulus cat responding to the position 
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In subsequent discrimination training, the 
same Ss were presented successively three 
problems, in each of which a response to one 
of the stimulus aspects—color, form, or posi- 
tion—was essential to successful solution. 
Learning of the form discrimination was con- 
sistently the most difficult; the group data 
show no consistent differences between color 
and position discrimination learning. 

Results are viewed as lending support to the 
importance of relative distinctiveness of cues 
as a determinant of ease in discrimination 
learning. For the pigeons of the present study, 
form cues are less distinctive than either color 


or position cues. 
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PERSISTENCE OF VISUAL EXPLORATION IN MONKEYS! 


ROBERT A. BUTLER 
Walter Reed Army Medical Center 


The present experiments were designed to 
determine the strength of visual exploration 
in monkeys. The apparatus and general method 
have been previously described by Butler (2). 
Visual exploration response strength was tested 
by two methods, one measuring the effect on 
response latency of continuous testing over 
4-hr. periods, the other determining the maxi- 
mal period of responsiveness under conditions 
of continual testing. These satiation tests were 
carried out on both normal and brain-damaged 
monkeys, but individual differences in ex- 
perience and age make it impossible to draw 
more than highly tenuous conclusions concern- 
ing the effects of operative state. 


METHOD 


Subjects 


Six adult rhesus monkeys (No. 102, 129, 130, 147, 
158, and 222) served as Ss in Experiment I, and seven 
adult rhesus monkeys (No. 156, 159, 167, 129, 130, 147, 
and 158) were Ss in Experiment II. The overlapping Ss 
were tested in Experiment I first and in Experiment II 
subsequently. Animals 102, 156, 159, and 167 were 
normal monkeys. Animals 129 and 130 had undergone 
bilateral extirpation of the prefrontal areas and are 
subsequently called prefrontal monkeys. Monkey 158 
had been subjected to nearly total bilateral extirpation 
of the temporal neocortex when first tested, and animal 
147 was originally tested as a normal S and subse- 
quently tested after nearly total bilateral extirpation 
of the temporal neocortex. Numbers 158 and 147 are 
postoperatively described as temporal animals. Num- 
ber 222 (amygdaloid monkey) was subjected to an 
operation that was designed to ablate the amygdaloid 
nuclei completely and additionally involved bilateral 
damage to the ventral tip of the temporal lobes. The 
extent of the lesions, as estimated at the time of sur- 
gery, is indicated in Figure 12 All the monkeys except 
No. 222 had had previous training on food-rewarded 
problems, ranging from approximately two years test 
experience for No. 167 to eight years’ experience for 
No. 102. Prior to the present experiments, monkeys 
No. 102, 129, 130, 147, 156, and 159 had been Ss on 


1 These researches were supported in part by a grant 
to the University of Wisconsin from the Atomic Energy 
Commission Contract No. AT(11-1)-64 and in part 
by the Research Committee of the Graduate School 
from funds supplied by the Wisconsin Alumni Re- 
search Foundation. 

? Detailed descriptions of the operations and opera- 
tive procedures will be made available upon request. 
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LATERAL VIEW MEDIAL Vi p iP 
MONKEYS 129 AND I30 MONKEYS 
AMPUTATION 
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BILATERAL LESIONS 
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manipulation drive studies, and 
had been tested on discrimination ! 
exploration motivation. Number 222 ha 
vious test experience. 


Apparatus 


The apparatus (Fig. 2) consist 
uring 27 in. by 17 in. by 26 in. [0] 
a box with a Masonite top and fron 
black cloth covering the back and S! 
was provided from within by a 25-w. 
334 in. by 4 in. were fastened flush to me 
box. Each door could be locked by 2 W 
taining a leaf switch connected to a 6-v. 
sure against a locked door activated "lie 
illuminating a signal light attached to 
apparatus. A transparent Lucite P. 
inside face of each door permitted i 
square, colored stimulus cards betwet 
door. Àn opaque screen, which cou! 
ered by E, separated the colore 
mals. 

The apparatus was placed in the € 
the Wisconsin Primate Laboratory. "sp, 
the test room ranged from 69° to 3d d "T 
72.5? F. during Experiment I. In i 92° Iano 
ment, temperatures ranged from d at cil 

ing 75.4? F. Temperature In the wees 
approximately 6° above test room 

a 4hr. test session. 


des. 


en pi oci 
“dt 


Procedure 


Preliminary training. The 
placed in the apparatus for 
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Fic. 2. Visual expl 
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training trials began, and both doors, neither holding a 
stimulus card, were closed. One door was always locked, 
the position of the locked door following a predeter- 
mined order balanced for frequency. The Æ initiated a 
trial by raising the opaque screen, thereby exposing the 
doors to the animals. If S pushed against and opened 
the unlocked door, it was allowed 30 sec. to explore the 
environment visually before E lowered the opaque 
screen and ended the trial. If the monkey failed to open 
the unlocked door within 5 min., E opened it from the 
outside and waited 30 sec. before lowering the screen. 
Intertrial interval, defined as time between lowering 
and raising the opaque screen, was 30 sec. Preliminary 
training consisted of 20 trials a day for two da 

In Experiment II, the operated monkeys No. 129, 
130, 147, and 158 had been Ss in the first experiment, 
and the normal controls No. 156, 159, and 167 had been 
tested previously on a series of discrimination learning 
problems in the visual exploration apparatus. No pre- 
liminary training was given in the visual exploration 
apparatus. 

Discrimination training. In Experiment I, colored 
stimulus cards were inserted between the Lucite plate 
and the inside face of each door. The Æ started a trial 
by raising the opaque screen, thus presenting the stimu- 
lus cards to the animals. If S pushed against the door 
containing the positive stimulus card, the door opened 
and the animal was permitted 30 sec. to view the envi- 
ronment, which consisted of the entrance room of the 
laboratory and the activities occurring within it. At 
the end of this interval, E lowered the screen. If S 
pushed against the door containing the negative stimu- 
lus card, the door engaged the locking device and illu- 
minated the signal light on the front of the apparatus. 
The E immediately lowered the screen, thereby pre- 
venting S from opening the other door. If S failed to 
respond to a door within 5 min., E opened the correct 
door from the outside, permitting S to explore for 30 
sec., and then ended the trial by lowering the screen. 
The position of the stimulus cards was changed from 
trial to trial in a systematic order with positions bal- 
anced for frequency. The intertrial interval was 30 sec., 
during which the stimulus cards were either rearranged 
or removed and returned to their previous position. A 
noncorrection technique was used throughout. 

The normal and the prefrontal monkeys were tested 
on a yellow-blue color discrimination, with yellow posi- 
tive for No. 147 and 130, and blue positive for No. 102 
and 129. A red-green discrimination problem was given 
to the temporal lobe monkeys because No. 147 had 
been preoperativel - tested on yellow vs. blue. Red was 
positive for No. 147 and green was positive for No. 158. 
Number 222 was also t ted on the red-green discrimi- 
nation, with green positive. 

The Ss were tested four continuous hours a day for 
five days. The total number of trials was a function of 
each monkey’s particular responsiven Laboratory 
schedules prevented the establishment of comparable 
testing schedules for all animals. A day’s rest was inter- 
posed between days 3 and 4 for the normal and pre- 
frontal monkeys, and the testing of the temporal 
Jobe monkeys and the amygdaloid monkey was inter- 
rupted one day between days 1 and 2. E 

The amygdaloid monkey was given one additional 
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4hr. day of testing during which it received visual re- 
wards during hours 1 and 4 and combined visual and 
food rewards during hours 2 and 3. This additional 
testing was designed to determine whether or not S's 
performance, which was at a low level, would be facili- 
tated by the addition of food. 


Correct responses and response latencies, defined m i 


ng the opaque screen and S's 
addition, records 
defecation, 


the time between £’s r 
response to a door, were recorded, In 
were kept of cage shaking, vocalization, 
and urination. 
Trial procedures in Experiment II were the same 2m 
those described for Experiment I. Orange and gra 
stimulus cards were used, the orange card being sore 
rect for monkeys No. 130, 156, and 158, and the gra 
card for monkeys No. 129, 147, 159, and 167. i 
"The Ss were tested until they either failed to respon 
within 5 min. on two successive trials or failed to F 
spond within 5 min. on three of five consecutive bina’ 
Testing began between 9:00 and 10:00 A 
proximately 1 hr. after the animals had been !e s 
standard laboratory meal and their water bot 
filled. Because of the hyperactivity of the pre Hee, a 
monkeys and consequent danger of dehyde ol 
metal tray containing water was fixed to the flo 
the test apparatus during Experiment Il. 4 
During both experiments, visual and auditor? 
ronmental stimulation varied greatly, because ! 


D VM : jn th 
different laboratory activities routinely occurrec ions 
Y ted. precaul! 


room where the test apparatus was loca < v food OF 
were taken, however, to prevent Ss from secing 
other monkeys. 
RESULTS 
Experiment I 
log 


The data of Figure 3, in which ien a 
latencies on successive test days arè piesen No 
give no indication of any satiation € Ee by 
significant increase in latency is disc 
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Hing 8 latenci id, however, demonstrate in- 

iy? and ik of response for the within-day 

MN for the increase is regular and pro- 

lane pref amygdaloid animal. All the 

nin po monkeys gave evidence 

Ria iscrimination problem (see 

etc i haamsirey are significantly 

qo v on each of the last six 

vl? ĉttained s. All these animals, except 

fogta : Neith a consistently high level of 

at er temporal monkey demon- 

»w mae of learning. The amygda- 

e i responses are not plotted 

: 52. 56 of me small number af 

t n » 56, and 60 per cent correc 
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Fic. 5. Discrimination learning to visual incentives 
en a food incentive was added. 
On day 6, No. 222 had 61 per cent correct 
responses to visual exploration alone (44 trials), 
and 69 per cent responses to visual exploration 


plus food (108 trials). 


with 3 sec. wh 


Experiment II 
As is shown in Figure 6, the three normal 
monkeys responded, respectively, 9, 11, and 
19 hr. before satiation took place; the two 
satiated in 11.5 and 


12 hr.; the temporal monkeys failed to 
respond after 5.5 and 11 hr. The total number 
of responses made by the seven Ss were 325, 
612, 775, 634, 698, 241, and 357 for monkeys 
167, 159, 156, 130, 129, 147, and 158, respec- 

|though the small number of cases 
the possibility of statistical com- 
the extremely short 
y the two frontal mon- 
iod is noteworthy. 


iki in this experi- 
t striking result found in tà 
arra se, the extreme resistance to 


ment is, of course, 


satiation. 


One normal and both prefrontal monkeys 


the correct object at a level sig- 
responder r several hundred 
peor AE the case of one prefrontal 


sive trials. i 
pe o. 130, this could be interpreted as 
pe preference, but the other animals, No. 


trated learning 

d 129 clearly demons r 1 
ae a statistically significant difference 
atd between performance on the first 
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Fic. 6. Response latencies as a function of hours of 
continuous testing 


hundred and on some subsequent hundreds of 
trials (see Fig. 7). 


Observational Data 


All three animals with temporal lesions were 
observed by £ to be asleep at the end of the 
allotted 5-min. response interval. During Ex- 
periment I, monkeys 147, 158, and 222 were 
observed to be sleeping 1, 29, and 20 different 
times, respectively. During Experiment II, 
No. 158 was observed to be sleeping at the end 
of five different response intervals, two of 
which occurred in succession and automatically 
ended the satiation test session. No normal or 
frontal monkey was observed to be asleep at 
the end of a response interval. 

Both prefrontal monkeys were hyperactive, 
and this hyperactivity appears to have in- 
fluenced their mean response time. These 
monkeys circled about the cage continuously, 
passing the doors about once a second. Pushing 
against the door appeared to be part of the 
activity sequence, for the monkeys rarely 
interrupted their circling to view the environ- 
ment outside the test apparatus. Occasionally 
they would stop pacing for several seconds 
when an É moved toward or away from the 
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through the open door only as they po igi 
In spite of the cursory nature of OR the 
exploratory responses, the data 3 ad sub 
these two animals learned as rapidly 2 e por" 
quently performed as efficiently a5 
monkeys. 


DISCUSSION 


The data of the present expe” 
strate in a very striking manner i 
of visual exploration responses be onst j 
Normal (and prefrontal) monkeys atenci ji 
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no tendency toward increased ! 
es cit 
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visual exploration responses ~; pin 
4-hr. continuous test sessions wit pkey’ 
between days. For the norma mo m day 
mean latencies actually decreas’ | A 
to days 4 and 5. Latencies did n here wil 
be confounded with learning, meat ef 
consistent increase or decrease E co ma 
response time corresponding to rect es?” of 
increases in percentage of pet a 
recorded for the normal and P 
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CONCLUSIONS 


1. Two experiments were designed to study 
the persistence of visual exploration in normal 
and brain-operated monkeys. Experiment I 
involved testing six animals four continuous 
hours a day for five days on a color discrimina- 
tion problem in which the only reward was 
that provided by visual exploration of the sur- 
rounding environment, In Experiment II, 
seven animals were tested for one continuous 
session on a similar discrimination problem 
until they ceased responding to visual incen- 


tives. 
2. The motivational mechanism underlying 


performance is interpreted as being that of 


visual exploration, which, in addition to serving 
as a basis for discrimination learning, is ex- 


tremely resistant to satiation. 
3. The data suggested that visual explora- 


tion motivation is depressed in monkeys with 
bilateral damage to the temporal lobes. 
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PUPILLARY CONTRACTION AND DILATION IN LIGHT AND DARKNESS! 


FRANCIS A. YOUNG 
The State College of Washington 


Pupillary contraction and dilation have been 
studied by a number of investigators, who used 
techniques ranging from intermittent measure- 
ment with a pupillometer or with a camera 
(1, 2, 3, 9, 11), through white-light motion 
picture photography for contraction and single 
repeated flash photography for dilation (4, 5, 
7, 10), to high-speed infrared photography 
which permits taking as many as 50 pictures 
per second (6). The variety of methods and 
purposes involved in these studies has yielded 
widely different values for the latency of pupil 
contraction and dilation. The latency of pupil- 
lary response to light after prior darkness has 
been variously given as .187 sec. (4), .20 to .28 
sec. (6), .217 sec. (7), or longer (ranging from 
V4 to 1% sec. [1]). Reeves (10) describes the 
contraction to 100 mL. as reaching minimal 
size in less than 5 sec., with a greater part of 
the constriction occurring within the first 2 
sec. Gradle (4) describes a rapid primary con- 
traction for .4365 sec. at the rate of 5.48 mm. 
per second; this is followed by a secondary 
contraction of .3125 sec. at the slower rate of 
1.34 mm. per second. Lowenstein describes the 
contraction as beginning with a rapid move- 
ment, which slows down after .2 to .3 sec. 

The latency of the pupillary response to 
darkness after prior adaptation of the eye to 
light has been described as equal to or longer 
than that for contraction (6) or as being with- 
out a latent period (4). Gradle (4) describes 
the dilation from prior adaptation to an 8-amp. 
arc light as proceeding at the rate of .95 mm. 
per second. Reeves states that the average 
pupil requires 5 min. to reach its maximum 
diameter from adaptation to 100 mL. In 
Reeves's study the average dilation at 9 sec. 
for six Ss was 74 per cent of the maximum 
reached at the longer time of 5 min. 

This study seeks to determine values for the 
contraction and dilation latencizs, the nature 

1 This investigation was supported in part by funds 
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" do i 
of the contraction and dilation curves, 4 
some of the conditions under which these V2 


METHOD 


Apparatus à 
The study used infrared photography with mk 
paratus that has been described elsewhere 1 
illuminated field to which the pupil constrict MT 
uniform, diffuse round spot 4.7 cm. in diameter, HS 
luminance of 8,800 mL. This spot was mounte angi? 
from the eye, with the center of the spot at oot a 
20° below the line of regard, thus illuminating 4. In 
although only the right eye was photographe x shut! 
first experiment the spot was covered by an g irc! 


V ning CL 
controlled by a solenoid wired into the erg ool 
The operation of the solenoid constitute noise by 
noise in the experimental situation; this ears 
effectively eliminated by putting cotton 1n ter was y 
placing earphones over their cars. The 5 contractis 


used in the second experiment since the rs, WP y 
light was wired directly into one of the tm^? qur 
were located in a separate room. The onset aD. a gio 
tion of the visible illumination are recorded OF out 5 
strip by an over-all darkening of the flm VI^. sm 
scuring the individual pictures of the pP ld 
mirror was placed above the illuminatec fie ; 
below the horizontal. By means of this mirrors a 8 
a very low-luminance red target, consisting 19 m 
of concentric circles, the largest of which x the ard 
diameter. The total distance from the eye t° 

was 1 m. 


Subjects - 
Ten Ss were used in the first part of this mf pi to af 

male and three female, ranging in age fraction yf 

years. All had normal or nearly norma Te ra U 

light-colored irides. Five of the same s 

the second part of the study. 


" 
sth | 


Procedure m. 


t 
The S was seated in such a den tha 
keep a bite board between his teeth whi! M EA 
strapped into a padded headrest. A am d just of? 
rule, visible in the photographs, is Suppo” ential of 
his eye in a plane with his pupil. All maa five U^ gi 
tions were set in advance through the us¢ ^ to star 
and the operator merely pushed one c 


button 21 yc g 
5 3 " 
apparatus, which ran through its Promplet iy Ei 


ictu. 


were measured by projecting 
projector and enlarging them 
millimeter rule as a standard. 
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Me 

Eu the same diameter. The latency was 
set or ce e length of time that elapsed between the 
int e ation of the constricting light and the mid- 
tection es the last picture of the same size and/or 
ke in ns n ,the first picture indicating a change in 
light. € direction determined by the constricting 


In 
eus part of the study, S was strapped into 
Completel ae of the camera and allowed to sit in a 
] ly dark room for 5 min. After this dilation 
‘ory prises was started, and pictures were taken 
hr with th arkness, followed by 2 sec. of picture tak- 
.in dick constricting light on, and finally about 9 
| Rte of 20 ness again. All pictures were taken at the 
action a per second. This sequence gives both con- 
n the nd dilation on the same film. 
dia jon cond part of the study, the contraction and 
"action Pee were studied separately. In the con- 
Wer p ase, pictures at the rate of ten per second 
bitur t 6 sec. in total darkness, followed by 
ieStictin "E at the same rate for 6 sec. with the 
sm in p ht on. Prior to photographing, $ had 
m seated PR for 10 min. In the dilation phase S 
ty for min € apparatus with the constricting light 
Med off Pi The camera was started and the light 
hs nd for | th ue were taken at the rate of 20 per 
tig ally switchs 2 sec.; after this the apparatus auto- 
Ures eve; ed to a new cycle of taking one or two 
Ty 10 sec. for approximately 5 min. 


Pr s 
ie ey in Table 1. This table shows 
of “tions ths of the contraction and dilation 
the visit e maximum pupil size at the onset 
ible light (after the preliminary re- 


‘he TABLE 1 
M Ave ; 
Maxim "48€ Contraction and Dilation Latencies, 


mum Bir 
and Minimum Sizes, and Percentage of 


j 
En. RESULTS 
| n 
| €sults of both parts of the experiment 
n l; 
coy, 
| Nery of Part 1 (N = 10) and Part 2 (N = 5) 


CON- 

"us TRAC. | DILA- /MAXIMUM MAXIMUM | PER 
ION TION size |MINIMUM| SIZE | CENT 
us LA- | riGHr | size | REDILA- | RE- 
Tency | TENCY | ONSET (mm.) TION* |cov- 
(sec) | ec) | (mm) (mm.) | ERY 

ies, Part 1 

Se un .385 | 6.66 | 3.28 | 6.35 | 98 
“ory | 098 | .610 | -521 .437 

-019 .203 174 155 

DN Part 2 

$ j - 

t, | | -180 | 7.47 | 3-00 |7.18, | 98 

3 “oro | 093 | .536 | .221 | .277 

"i 016 | .268 | .128 | .160 


e 
LN 
imum size ; 
Size in part 1 at 8 sec.; in part 2, at 5 mib- 
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action to the apparatus, if it occurred), the 
minimum pupil size attained, the maximum 
size attained upon redilation, and the per- 
centage of recovery to the original maximum 
size. 

The pupil sizes at each time interval, 149 
sec., were averaged for all ten Ss of part 1. 
The mean results were plotted as black dots; 
the resulting curve for the contraction data 
appears in Figure 1 and for dilation in Figure 
2. These results were empirically fitted with 
curves of mathematical formulation visible 
as the continuous lines in Figures 1 and 2. 
The contraction data are fitted by an equation 
of the form: Y — Ya = ke™!, where k, m, 
and Fmin are constants, the constant Mess 
being the minimum pupil diameter in milli- 
meters obtained after prolonged exposure to 
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Fic. 2. Pupillary dilation—solid dots represent 20 
exposures per second; open circles 20 per second for 2 
sec. and one exposure every 10 sec. thereafter. Circles 
between 2 and 10 sec. are predicted. 
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the contracting light, Y the pupil diameter at 
any time after the latent period, and / the time 
in seconds after the onset of the light. The 
equation for the contraction data in Figure 1 
is Y — 2.9 = 4.50e--!*, where 2.9 represents 
an estimated minimum size since the pupil 
was not allowed to contract to a minimum size. 
The dilation data of Figure 2, represented by 
the black dots, were fitted by an equation of 
¥ t+ B 
the form: ia ITG 
constants, / is time in seconds, and Fmaz is the 
maximum pupil size in millimeters reached 
during dilation. The equation for the dilation 
Y t+ 32 
6.66 t+ 1.06. 

The results of the second part of the study 
are presented in Figures 1 and 2 as open circles. 
These data were fitted with equations of the 
same form as those used to fit the data of the 
first part of the study. The contraction data 
were fitted by theequation Y — 3.0 = 4.98e 9! 
.891, and the dilation data with the equation 
Y (T1412 
748. 14-2407 

If one assumes that there should be no dif- 
ferences between the latency for contraction 
and the latency for dilation, it is possible to 
make six comparisons between the various 
measures. The / test indicates that there is a 
highly significant difference between the dila- 
tion latency of part 1 and each of the other 
latencies. Differences between any of the other 
latencies are not significant. 


where B and C are 


data is: 


DISCUSSION 


The dependence of the results obtained upon 
the experimental methods used in obtaining 
them is clearly demonstrated by a comparison 
of the results of parts 1 and 2 of this study. 
In part 1, two conditions, the *psychosensory 
response" (6) and the relatively short exposure 
of the constricting light (2 sec.) effectively 
kept the pupil in a state of movement at the 
onset and the cessation of the light. As the 
dotted curve in Figure 1 indicates, the pupil 
was in a process of dilation at the time that the 
constricting light came on, and it continued 
to dilate for some time before it started to con- 
tract. This continued dilation resulted in a 
longer latency time than that found in part 2 
(circles in Fig. 1), where the pupil had been 
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stabilized before the light came on. A similar. 
conclusion was drawn by Machemer (8); who 
found that the duration of the contraction 
latency may be extended to as much as - K| 
sec. if the constricting light comes on when t? 
pupil is in a dilating phase of its normal |. 
rest. The same influence of a state of activity 
is even more apparent in the dilation inten 
since the dotted curve of Figure 2 shows @ E 
tinued contraction amounting to 15 mm. | 
fore the pupil started to dilate. don 
The nature of the preliminary CO P 
and dilation in the contraction curve 1° ~ qg 
is of interest. The Ss had been seated in a yd 
room for 5 min. before the camera and in s l 
lights came on. Though there was no 
light in the room, five of the ten Ss i 
strated a mean contraction of .85 mm., f T 
by a mean dilation of .57 mm. This tota z 
occurred in anywhere from 1 to 4 sec- T : 
latency of this reaction was . 4. 
pared with .215 sec. for the same a 
to light. There are insufficient data to lati? 
fitting curves, but the contraction aP e nd 
both appear to be quite similar 1n shapi to 
steepness of slope to the curves for pet n 
light. These similarities do not PP" git 
Figure 1 since the curve there is ae on 
curve of the five Ss who showed this re ^ 
and the five who did not. The respons? T 
to be some reaction related to the 025° res. 
camera apparatus. It bears Certain rest! 
blances to Lowenstein's «psy chosens0"y j 
tution phenomenon” (6) in tha 
is not to the light stimulus but r2 ipte 
other environmental stimulus of to b. rest” ; 
stimulus. Lowenstein has been aD uc ; 
a pupillary reaction, which had pe and d 
nothing by rapid alternation of ligb proi 
ness, by threatening S with pane und H 
S accepts the threat. He has also d M 
other emotions, for example JOY: lus oF y 
sensory stimuli, such as a noise stim puts 
prick of a pin, are capable of bringin8 pile i 
restoration of the fatigued respons ary D 


/ 


sponse is not fatigued, it is plaus 
reaction to the onset of the appar ption 
the same category as the "red A 
nomenon.” The same response Lm the 
2; but recovery is complete beo 


stricting light occurs. 


eet See 
lion is stee e "ua for contraction after 
3stabilized ee an the contraction from 
‘ot the anche . This same relationship holds 
lence was fou ke of Figure 2. No dif- 
ased on all : etween the curves of part 
bo served in en Ss and on the five Ss who 
"tte found b p 2. No consistent differences 
S os etween male and female Ss. 
pud in Piura the latencies for dilation 
Hlency for s and 2, it appears that the mean 
Significant! parui. to the cessation of light is 
traction A onger immediately following con- 
h DEN following a period of stability. 
nu ly a atency for part 1 is also signifi- 
ru is bon than the contraction latencies 
y ound in parts, while the latency for dila- 
Wt either part 2 is not significantly different 
lu Practicall contraction latency, and in fact, 
tency of y identical with the contraction 
ttes. part 2. This near identity strongly 
tma go, that the latenci i 
that or both encies of reaction are the 
ii t any dig contraction and dilation and 
M a ums found are probably due 
lite Precedin and type of activity immedi- 
aed dmi contraction or dilation. The 
ay Quite clo i e in either part 1 or part 2 
[sg gators e; y with those found by other 
li in parts of o used methods similar to those 
| s that th this study. This agreement in- 
Pi found n e different latencies that have 
LN and mae be more a function of tech- 
anism. nditions than of the pupillary 


SUMM 
ARY AND CONCLUSIONS 


Wo 

h hig DM of experimental procedure 
a ation. One photography with infrared 
tracer. experimental procedure in- 
ey the iis immediately followed by 
|o pits ird procedure determined one 
EN ty j arknes after long adaptation to either 
^ 99 Were s. Ten Ss varying in age from 

used under the first conditions, 


TESTS 
nq Of tt 
1 he same Ss were used under the 


8n t E 
i ind Pupil is in a state of activity, 
aqu ng or dilating (not including 
uations of the stabilized pup"), 
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both the contraction and dilation i 
longer than when the pupil is PE 
ately before the onset or cessation of light j 
. pA The mean latency for contraction Ellon 
ing activity was found to be .220 sec.; the 
latency following stability, .175 sec. X 

3. The mean latency for dilation following 
activity was .385 sec.; after stability, .180 sec. 

4. Under optimum conditions, the dilation 
latency is approximately equal to the con- 
traction latency. 

5. The curves for contraction were fitted 
with the following equations: 
Following activity: Y — 2.90 = 4.500, 
Following stability: Y — 3.00 = 4.986075f, 
where Y equals pupil size in millimeters and 
Lis time in seconds. 

6. The curves for dilation were fitted with 
the following equations: 


7 
Following activity: a = : = a 
A: 


Following stability: a - 


is pupil diameter in millimeters, Ymaz 


where Y 
‘ameter in millimeters, and 


is the maximum di 
1 is time in seconds. 

7. Five Ss showed a definite reaction (con- 
sisting of a contraction and immediate redila- 
tion) to the onset of the apparatus while still 
in the dark. The mean latency of their reactions 
was .345 sec., in contrast to their mean latency 
of reaction to light of .215 sec. The mean con- 
traction was .85 mm. and the mean redilation 


was .57 mm. 
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CORT 
ICAL CORRELATES OF AUDITORY LOCALIZATION AND OF 
RELATED PERCEPTUAL PHENOMENA! 


MARK R. ROSENZWEIG 
University of California, Berkeley 


Much is k 

auditory E abe about the dependence of 
Jut little is crede on stimulus conditions, 
involved in lo a about the neural processes 
e nineteenth c ization. By the beginning of 
alization of s entury it was recognized that 
erences E generally depends upon 
~~ the two ears i the stimulus conditions 
ea aura] differe mong the first to control the 
S tS independ nces by stimulating the two 
eted his re a was Alison (2). He inter- 
i esis, Hotes as consistent with the hy- 
qiends upon x current, that localization 
de stimuli at ^s erences in the intensity of 
De erence coss two ears. This intensity- 
lei Lord Raylei +s was established firmly 
as mentioned. ee 1876-77 (16, 17). Ray- 
m might also d e possibility that localiza- 
e C Of arrival of epend upon differences in 
fore lected this stimuli at the two ears, but 
pence Pie hypothesis. The time-dif- 
an pated ts appears to have been first 
meni? have be y by Mallock in 1908 (11) 
the tally by A en first demonstrated experi- 
Mit world ErotH Tn 1911 (1). During 
to, scientists deu French (14) and German 
hyp, med and o worked on sound locators 
Dhu thesis, Sir elaborated the time-difference 
lup àl studi nce that time, many psycho- 
i tional ditbe have helped to define the 
Pss article i ndence of localization upon 
Chivers o thee based in part upon a doctoral thesis 
Wee ity, an ers of Arts and Sciences, Harvard 
tig” Wag ro "Neri oy upon further research. An 
n, ae Tead at th Correlates of Auditory Localiza- 
ril 8, 1949 ae Eastern Psychological Associa- 
Notes ucing me 5 wish to thank Dr. R. Galambos 
te man bloyed nm uk of the physiological pro- 

Qe thout (à WAR s study. He and Drs. E- 
t the cours osenblith gave helpful counse 
e of the research. Professors E. E. 


ten Selli 
qM x" and D, K 3 
Ong, 78 ma; rech of the University of Californie 


Duscri 
Thi cript and made many helpful sugges- 


snis, 
NI esearch w. 
N° was carried out under Contract 


R C wWeer 
i Progi, Research, UIS a University and 
rms. HO » U.S. Navy (Project 


n 
itteq ^ “OY any purpose of the U.S. 


interaural differences of time i i 
(15, 21). and intensity 

Several investigators have proposed hypo- 
thetical neural mechanisms to account for 
auditory localization. According to most of 
these hypotheses, differences in the perceived 
localization of a sound are determined by 
differences in the place of activity in the 
nervous system. Perhaps the first “place 
hypothesis” is that of Bowlker, who proposed 
in 1903 "that the point where the impulses 
[from the two ears) meet is the focus that gives 
rise to the sensation of the sound image" (5, 
p. 327). More or less elaborate place hypotheses 
have been proposed by Piéron (14, 15), Boring 
(4), Békésy (3), and Jeffress (9). Apparently 
none of these hypothetical mechanisms has 
been tested experimentally. 

Recently the electrical activity of the brain 
has been studied in order to gain information 
about the neural processes involved in auditory 

this approach, Tunturi 


localization. Using thi o 
(23) has demonstrated interaction of impulses 


from the two ears at the medial geniculate 
body and at the auditory cortex. That is, the 
response to stimulation of both ears together 
imple summation of the responses 
timulation of the two ears. 
we have described some char- 
al responses to single 


auditory click stimuli (18) and. to paired 


clicks (19). In this paper we will examine 
for information about 


cortical responses s ion 
f auditory localization and 


cortical correlates 0 
of related perceptual phenomena. 


to separate S 
previous papers we f 
acteristics of cortic 


METHOD 


si ical responses were recorded at the 
Blectrophy siologin etized cats. The stimulus con- 
ophysical experiments on auditory 
duplicated by stimulating the two 
dently; clicks were delivered from separate 
one earphone coupled to each ear. The in- 
clicks and the time differences between 
aried. The electrophysiological Te- 


e recorded photographically from the face 
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C 


Fic. 1. Electrical response of area I of the auditory 
cortex. The response was evoked by stimulating one 
ear with a brief click. 


of a cathode-ray oscilloscope. The methods have been 
described in detail previously (18, 19). 

It will be convenient to refer to the first of a pair of 
stimuli as 51 and to the second member of the pair as 
S2. The corresponding cortical responses will be called 
R1 and R2. The time interval between S1 and 5S2 will 
be called the delta interval. 


RESULTS 
The Cortical Response to a Single Click 


Figure 1 shows a response recorded at area I 
of the auditory cortex when a click stimulus 
was delivered to one ear. The delivery of the 
stimulus is marked by the arrow, S, at the 
start of the trace. After a latency of a few 
milliseconds, small wavelets like those at A 
often appear at the cortex. These represent the 
electrical spread to the cortex of responses 
originating at subcortical centers of the 
auditory system. Next, there is often a nega- 
tive deflection like the one at B. (A negative 
potential produces an upward deflection in our 
recording system.) The peak of this deflection 
usually has a latency of 6 to 10 msec. The 
negative deflection does not appear at every 
location in the auditory area. The most char- 
acteristic component of the cortical response is 
the large positive deflection shown at C. 
The latency of its peak varies from 8 to 15 
msec., depending upon the location of the 
electrode within the auditory area and upon 
the intensity of the stimulus. The amplitude, 
measured as indicated by the arrow in the 
figure, may vary from only a few microvolts to 
a few hundred microvolts; the amplitude also 
depends upon electrode location and upon 
stimulus intensity. Finally, the positive de- 
flection is often followed by a negative de- 
flection like the one at D. The positive de- 
flection has been attributed to the activity of 


cortical interneurons and the final negative ’ 
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DIFFERENCES IN TIME OF ARRIVAL 
OF PAIRED CLICKS AT THE TWO EARS 
44 mic n o2 


Fic. 2. Cortical responses evoked when both Eon 
were stimulated with clicks. The two responses P et 
block were recorded simultaneously at the two a 
spheres. The upper response in each block was Um in 
at the left hemisphere (LH) and the lower respo hus 
each block at the right hemisphere (RH). The st 
conditions are described in the text. | 

e 
deflection to the corticofugal discharge v 
pyramidal cells (6). When one ear 1$ ughovt 
lated, responses can be recorded thro mi 
the auditory areas of both cerebra, 
spheres. However, the responses aresig? e con- 
larger in amplitude at the hemispher n? 
tralateral to the ear that is stimulates’ ^is, 
survey of 49 electrode locations 1? vacant! 
the contralateral response was SISP! s, 78 
larger than the ipsilateral respone ^ dy 
locations. Neither response was sign iater? 
larger at 20 of the locations. Th ty on 
response was significantly larger at only 
the 49 locations (18). 


Cortical Responses to Pairs of Stimuli A p 
nses obtained. 


Figure 2 shows respo: 2 
2 p ere stimu. ug 


animal P-107 when both ears w f the 
The two responses in each block o d ; 
were recorded simultaneously m ir e 
cerebral hemispheres. The upper re m ne 
block was recorded at the left di was 7^. 
(LH); the lower trace in each bloc% . Th 


: e 
corded at the right hemispher? th 
upper row of blocks was recor ft ea an 
first stimulus was delivered to the le ( Bi 


2 ight eat 
the second stimulus to the uy P right Aio 


in the lower row, 51 went to Qul 
and S2 to the left ear (R-L). The P 
the two ears were kept equal ! deive”, of 
throughout the experiment. e die 

S1 is indicated by an arrow Y an 9 
each trace; the delivery of pu an ees 
below the trace. The distance e 


i tes 
arrow and the S2 arrow indica 
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Inte; - 
are Ue iore figure the subcortical wavelets 
is prominent nt only the positive deflection 
D orded y ri ifteen pairs of responses were 
experiment: od each stimulus condition in this 
ose E pairs shown in the figure were 
In blocks 1 o the mean for each condition. 
msec, With thi and 2, S1 preceded S2 by 44 
( Sond is delta interval, the first response 
elivered arde by the time 52 was 
arger Shen > = hemisphere, the response is 
an when - contralateral ear is stimulated 
en S1 « € ipsilateral ear is stimulated. 
Was larger vas delivered to the left ear, R1 
facilitate ts RH (line b) than at LH (a). (To 
Tesponse GEI, the amplitude of each 
Placed besi tap s by the height of the bar 
easures will the response. The amplitude 
Fig. 3 Whe be presented graphically in 
Sr, Ri was Jo, S1 was delivered to the right 
S metimes. larger at LH (c) than at RH (d). 
: e responce t with this animal, the latency of 
Mhan t elate o contralateral stimulation is less 
Sis not ncy of the ipsilateral response, but 
efore nin the case. 
a the Steet blocks 1 and 2, note that 
aie ; R2 a to $2, appears only in lines 
jS reasons Pee not appear in lines b and c. 
wid c wil E the failure of R2 to appear in 
h Fi e discussed later in connection 
,I block ye and 5. 
^ i hs through 9, where the delta inter- 
PE Tesponse ( less, R1 and R2 fuse into a 
je to be lar (R1-R2). The fused responses 
an ie e Fidis when 5 1 goes to the contra- 
Whe ©); the to the ipsilateral ear (lines b 
n the ; jo uus tend to be smaller 
e P ig teral ear is stimulated first 
ben ateral ear second (a and d). 
ito the Ponses are maximum when the 
k 9 two ears are simultaneous, aS in 


tro êde a, the most critical comparisons can 
3b de [go Ong the res t a single elec- 
hse Cation faith ponses & g i 
Stats S th er than between the Te 
lin lon, We € two locations. For the LH 
nde ee compare the responses of 
R reas t the delta interval of 1.1 msec» 
uL ete: (a) is much smaller «han 

Onse (c), But at 0.2 and 0.1 msec» 


Arnplitude of Response 


N 

2 

o 

a 

ae 
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Delta Interval (in Msec) 

Fic. 3. A. Mean response amplitude versus delta 
interval (in msec.). The responses were recorded at the 
auditory area of the left cerebral hemisphere. B. Mean 
response amplitude versus delta interval. Responses re- 
corded at right hemisphere. C. Ratio of left hemisphere 
response to right hemisphere response versus delta in- 


terval. 


the L-R and R-L responses are about equal. 
At the RH location, the L-R responses (b) 
remain larger than the corresponding R-L 
responses (d) throughout the series—even at 
delta intervals of 0.2 and 0.1 msec. 
The variation of response amplitude with 
stimulus conditions can be seen more pre- 
cisely and for a larger numberof delta intervals 
in the graphs of Figure 3. Each point in these 
graphs represents the mean of 15 responses 
recorded under one stimulus condition. Graph 
A presents the function of response amplitude 
versus delta interval for the LH location. 
The function rises to a peak in the center 
around a delta interval of zero. As the delta 
interval is increased from zero, the function 
falls off more rapidly on the L-R side than on 
the R-L side. By about 0.3 msec., the L-R re- 
sponse is clearly smaller than the correspond- 
About 1 msec. out from the 

es, relatively flat plateaus 
responses on the 
two-thirds the 
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Responses to stimulation of each ear alone 
were also recorded; their amplitudes are in- 
dicated by the L and the R in the right margin 
of the graph. It can be seen that on the L-R 
side, the function becomes asymptotic to the 
amplitude of the L response. On the R-L side, 
the function becomes asymptotic to the R 
response. In other words, stimulating with 
L-R approximates stimulating with L alone, 
the more so the larger the delta interval. 
Similarly, stimulating with R-L approximates 
stimulating with R alone. 

At the RH location, in graph B, the function 
is almost the mirror image of the LH function. 
Here the L-R plateau is about one and one-half 
times as high as the R-L plateau. Even at the 
center peak, the L-R responses are larger than 
the corresponding R-L responses at all delta 
intervals. As in graph A, stimulating with 
L-R approximates stimulating with L alone, 
and stimulating with R-L approximates 
stimulating with R alone. Both the RH and the 
LH functions are slightly off center to the left. 

The data from the two hemispheres can be 
combined into a single function by plotting 
the ratio of the LH response to the RH re- 
sponse for each stimulus condition. Graph C 
of Figure 3 presents these LH/RH ratios. 
When the left ear alone is stimulated, there is 
less activity at LH than at RH; in this ex- 
periment, the LH/RH ratio for stimulation of 
the left ear was about 0.6. When the right 
ear was stimulated, the ratio was about 1.6. 
Graph C covers almost the whole range be- 
tween the L and R conditions, and it shows a 
continuous transition from one to the other as 
the delta interval is varied. At the extreme left 
of the graph, with an L-R interval of 2.2 msec., 
the ratio is almost as low as when the left ear 
alone was stimulated. Following the curve 
from the left toward the right, we see the ratio 
rise gradually as the delta interval decreases. 
Then, at an interval of about half a millisecond 
on the L-R side, the curve begins to rise more 
rapidly. The steeper slope persists until the 
curve reaches a delta interval of about half a 
millisecond on the R-L side. Then the rise 
becomes gradual again. At the extreme right, 
the ratio approximates the value obtained 
when the right ear alone was stimulated. Thus, 
the ratio of activity at the two hemispheres 
can be varied from the L value to the R value 
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by using appropriate L-R and R-L stimu- 
lation. 

Although most of our experiments have 
dealt only with time differences, some have 
also set intensity differences against time dif- 
ferences. If the intensity of S1 is attenuated 
sufficiently while the intensity of S2 is hel 
constant, the ratio of activity at the two 
hemispheres can be inverted. With an ap- 
propriate change in the inlensities of the 
stimuli, the fused response is altered as if the 
temporal order of the stimuli had been re 
versed. The greater the delta interval, 1 
greater the intensity difference that is neede 
to overcome it. Observations from two € 
ments indicate that an intensity differen 
10 db can balance out a time difference 0 
order of 0.1 msec. 


ce 0 
f the 


The Response to the Second Stimulus 


The amplitude of R2 also changes system 
atically as a function of the delta Fr 
But whereas R1 is affected only when the 
interval is less than about 10 msec., R2 m 
affected when it follows R1 by as much t 
second. Figure 4 shows the functions o Seo 
R1 and R2 for delta intervals up to iler 
The solid lines show R1 and, at the S A 
delta intervals, the fused R1-R2 Dis 
These curves reveal similar characterist! T 
those we saw in graphs A and B of Figur 

Now let us examine the R2 functions d 
broken lines). These functions are ge. i 
ably depressed in amplitude at the § tion 
delta intervals. As we follow the R2 fun? ire- 
toward larger delta intervals, we see iio: 
cover its amplitude. The recovery ES ead 
a maximum at around 100 msec. and Hon " 
clines again. It is clear that the R2 fun eL 
lower on the R-L side at LH. and on C^ ^is 
side at RH. There are two reasons P. the 
asymmetry: (a) In both cases, S2 goes. 
ipsilateral ear, which generally eie i 
response. (b) The depression of K Where ot 
portional to the amplitude of R1. Mor and 
goes to the contralateral ear, R1 is a caw 
R2 is consequently further depresse¢- gi an 
a similar occurrence in Figure 2, bloc b and 6 
2, where R2 did not appear 1n m ear and 
there also, S1 went to the contralate 
S2 to the ipsilateral ear. 

When the R2 curve 1 
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risus Se ean amplitude of the second response (R2) 
op ete eae wets A. Recorded with an animal under 
dot third TBical anesthesia. R2 is supernormal only 
te led line cyclical peak of the recovery function. The 
ig ry vmdicates the monotonic component of the 
the Anesth ction, B. Recorded with an animal under 
Wit is MORE R2 is supernormal on the first peak of 
mat an Sm. function. The responses were recorde 

ter, Ctrode permanently implanted at the dura 


ipo Eri it shows a generally rising trend 
QD. dius Cyclical variations are impose 

iue 0 th e cases R2 becomes supernormal at 
m ction e cyclical peaks of the recovery 
of tomate Figure 5. In particular, this 
Nus heo. ity may occur on the first peak 
Whi Gently aed function if the anesthesia 15 
wich the ight. Figure 5B shows a case m 
> Supe first peak of the recovery function 
Thormal between delta intervals of 
and 90 msec. 


fy h orde DISCUSSION 
ats " to consider whether these corvical 
Parallel to perceptual phenomena, 


it will be necessary to review briefly the per- 
ception of paired clicks. As each aspect of the 
perceptual phenomena is mentioned, an 
attempt will be made to point out correlated 
cortical events. I do not mean to imply that the 
processes underlying the perceptual phenomena 
are necessarily cortical. Impulses from the two 
ears are known to interact at least as low in 
the afferent system as the inferior colliculus 
(20). I wish only to demonstrate correlations 
between the cortical events and the per- 
ceptual phenomena. In most cases I will 
not try to suggest the mechanisms of the ob- 
served cortical events; the mechanisms of 
these events will be considered separately 
elsewhere. 
In attempting to correlate the cortical data 
with the available psychophysical data, I shall 
assume that the cat localizes sound much as 
the human does. It would not be necessary to 
make this assumption if we could obtain both 
cortical records and perceptual data from a 
single species. But, at present, cortical records 
can best be obtained from animals (surgical 
intervention being necessary in order to record 
the primary responses of the human auditory 
area). And psychophysical judgments can best 
servers, although 


be obtained from human observ 
some measurements of localization have been 
t (10, 12). 


made in the ca , M P 
Considering only interaural time differences, 
hat the cat localizes less 


we may assume t 
recisely than man. The cat’s ears are only 
ird as far apart as man’s ears; 


about one-thi B a ; 
s interaural time 
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differences that are only about one-third as 
great as those which man receives. It may be 
objected that tests have not shown the cat to 
localize more poorly than man, and the bat, 
with a much smaller head size, localizes well. 
But under natural free-field listening con- 
ditions, we cannot consider only time dif- 
ferences; there are also differences of intensity 
between the two ears. These interaural in- 
tensity differences are greater the higher the 
frequency of the sound. The smaller the size of 
the head (or, more properly, of the cochlea), 
the higher the frequency an animal can hear. 
Thus, the ability of animals with small heads to 
hear high frequencies may compensate, in 
localization, for the small interaural time dif- 
ferences that are available to them. 

Now let us note what an observer reports 
when his ears are stimulated by single or paired 
clicks presented by earphones. And let us note 
the cortical correlates: 

1. If only one ear is stimulated, the observer 
can report without error which ear it is. A 
previous analysis (18) has indicated that each 
ear is represented by a larger population of 
cortical units at the contralateral cerebral 
hemisphere than at the ipsilateral hemisphere. 
Therefore, when one ear alone is stimulated, 
the cortical responses are larger at the con- 
tralateral hemisphere. We have seen this in 
Figures 2, 3, and 4. 

2. Now let us stimulate both ears of our 
observer. We will start with the clicks simul- 
taneous, and then we will introduce delta in- 
tervals between the clicks. When his ears are 
stimulated simultaneously (and with clicks of 
equal intensity), the observer usually hears the 
sound in the median plane. With this stimulus 
condition, the cortical activity is usually equal 
at the two hemispheres. Some observers hear 
the sound slightly off to one side when the 
clicks at the two ears are simultaneous (24). 
To have the sound centered, such observers 
require the introduction of a small delta in- 
terval or a small difference of intensity favoring 
the opposite direction. The animal of Figure 3 
may have had a slight bias of this sort to the 
right, for the peaks of the curves seem to fall 
just to the left of zero. 

3. When S1 precedes 2 by about 30 msec., 
an acute observer begins to hear the sound 
very slightly off center toward the side of 51 
(15, 21). In most cases we have not tried to 
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determine the threshold delta interval at which 
L-R or R-L responses first differ significantly 
from responses to simultaneous stimuli. In 
several cases, however, we have found a 
significant difference at 100 msec. and, in some 
cases, at 50 msec. At this threshold, the cortical 
responses reveal which ear is stimulated first. 
At each hemisphere the fused response re- 
sembles a response to 51 more than it re- 
sembles a response to $2. As we saw in Figure 
3, the L-R response approaches the response to 
L alone, and the R-L response approaches the 
response to R alone. When the ratio of the 
responses at the two hemispheres is taken, 2 
relatively low LH/RH ratio indicates L-R 
stimulation; a relatively high ratio indicates 
R-L stimulation. 

4. If the intensity of S1 is attenuated suf- 
ficiently, the observer hears the sound move 
back to the median plane or even cross it to the 
other side. This has been reported by several 
experimenters (3, 15, 21), though they have not 
agreed closely on how much intensity dif- 
ference is needed to balance out the effects 9 
time differences. In the cortical responses, t00» 
we have found that the effects of intensity 
differences could balance out the effects of time 
differences. 

5. As the delta interval is increased, the ob- 
server hears the sound move further from the 
median plane and toward the interaural ax!5- 
The displacement from the median plane 15 
directly proportional to the delta interV? 
until the sound reaches about 10? from the 
interaural axis. Then the course along whic 
the sound is moving shows a bend. Thereafter: 
the sound approaches the interaural axis more 
slowly. The delta interval at which this bend 3S 
reached has been reported as 0.63 msec. \°/) 
1.44 msec. (22), and 0.45 msec. (3). Figure i 
shows some correlation with the description ° 
these perceptual changes. If we go from t » 
center of any of the functions toward the 
plateau on either side, most of the change 
occurs rapidly before the 0.5-msec. point 7 
reached. Beyond this point the function? 
continue to change, but the changes proce? 
more slowly. In some animals the transition 
from the L-R plateau to the R-L platea 


on + Figure 
occurs more slowly; this is the case in a 
4, There the curves take 3 or 4 msec. to 


u 
halfway from the center peaks to the plate? 
But with most animals, most of the 
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transition occurs rapidly within delta intervals 
of 1 msec. or less. 

.6. The observer continues to perceive a 
single sound at the side of S1 until the delta 
interval reaches about 2 or 2.5 msec. (24); 
then he hears a faint click at the side of 52 
as well as the strong click at the side of S1. It 
ls interesting that fusion persists until 2 msec. 
Separate S1 and $2, for this is more than 
twice as long as the maximum delta interval 
that can occur in nonlaboratory situations. If 
the two ears are not isolated artificially and if a 
Sound is produced at one ear, the sound takes 
only about 0.8 msec. to travel around the head 
to the other ear. In the cortical records it is 
Often possible to see a second response starting 

efore the first response is over. R2 rides on 
tail of R1. Since the responses overlap, they 

te hard to measure. Moreover, the use of 
anesthesia makes R2 recover its amplitude 
e slowly than normally. It is difficult 
determine the exact interval at which 
oe of R1 and R2 breaks down, but it is 
early under 10 msec. 

5; As the delta interval increases beyond 

? msec., the observer hears the click at the side 

as increase in loudness. At about 10 msec., it 

omes louder than the click at the side of 
E e enhancement of the second click 

- ues past an interval of 100 msec. (7). 
tyde ot the anesthesia affects the recovery 

4 of R2 in the experimental animals, no 

E Close correlate to normal perception can 
m, Pe But under light anesthesia, R2 
He become supernormal on the first peak of 
e iig: function. In one case, super- 
w ality of R2 was observed between delta 

€rvals of about 60 and 90 msec. 
a n somewhat different type of correlate 
skull e sought if we can open an observer’s 

a co stimulate his brain electrically. 
the mu his collaborators have stimulated 
ervers (5. area directly in conscious ob- 
Observer = When stimulation occurs, the 

ba o? sa hearing sounds. With stimu- 

t © obs iterent points on one hemisphere, 
locations, “tra hears sounds in either of two 
Contralate m reports that most sounds are 
Sea Á-. Tee stimulated hemisphere; 
od ire heard “bilaterally”; no sounds 

Wil psilaterally. At the cat's cortex, it 


Don Copa 
Se was significantly larger than the 


© remembered that the contralateral re- - 
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ipsilateral response at most locations; pre- 
sumably these are similar to the points which, 
when stimulated electrically, give rise to a 
contralateral sound. These are also the points 
at which localization effects can be observed 
most readily. There were also locations at 
which neither response was significantly 
larger; presumably these, if stimulated, would 
give rise to “bilateral” sounds. Only one 
location was found at which the ipsilateral 
response was significantly larger. 


SUMMARY 


Electrophysiological responses were re- 
corded at the auditory cortex of anesthetized 
cats. The stimulus conditions duplicated those 
of psychophysical experiments on auditory 
localization. The two ears were stimulated 
independently with clicks. Differences in the 
time of arrival of clicks at the two ears and 
differences in intensity of the clicks were 
varied. The dependence of cortical responses 
on these stimulus conditions was determined. 
The cortical events were found to parallel in 
several respects the perceptual phenomena 
which occur under the same stimulus con- 
ditions. 

Among the cortical correlates of auditory 
localization are the following: 

1. Under the stimulus conditions that cause 
a sound to be heard at one side of the head, the 
cortical activity is greater at the contralateral 
cerebral hemisphere. 

2. The further over to the side the sound is 
heard, the greater the difference between the 
activity at the two hemispheres. 

3. When the sound is heard in the median 
plane, the cortical activity is equal at the two 
hemispheres. 

Cortical correlates were also found for two 
related perceptual phenomena—perceptual 
fusion of closely successive sounds and en- 
hanced loudness of the second of two clicks. 
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THE EFFECTS OF FRONTAL LOBE DAMAGE UPON HABIT REVERSAL 
IN THE WHITE RAT 


WILLIAM T. BOURKE 


Tulane University! 


In order to understand the functions of the 
brain, a prior task is to find measures of per- 
lormance which are sensitive to brain damage. 
The present experiment concerned itself with 
that task, by investigating the general hy- 
isis that rats with frontal lobe lesions are 
less able to learn to reverse certain learned 
Problems than normal animals. 

Relatively few studies have investigated the 
a navis? of brain-damaged lower animals on 

sks of reversal learning per se. Stereotyped 

thavior of the organism after cortical injury 
Wes noted, with emphasis upon the dif- 
Le L that operated animals have to learn 
A abits and break old ones. Tolman (18) 
tria. that normal rats show more “vicarious 
Due than operated animals; Ham- 
eer d Ellis (6) found an increase in “be- 
etal (1 mali Ran operated rats; Settlage 
in en ) spoke of perseverative interference"? 
E lr monkeys; and Krechevsky (10) 
ier essened “fluidity of hypotheses" of 

ated rats. 
E part of the work relating to habit 
E out has been done by Harlow and his 
tou rkers (7). The results of this significant 
ae studies cannot be summarized here 
versal noting that they point toward re- 
des Problems as showing the greatest 
Cit in operated animals. 

CS above terms are reminiscent of those 

Es to describe characteristics of brain- 
ty Bed human Ss: inability to shift from one 


Ype i i 
9f experience to another, perseveration, 


mabili er 
on to divide attention, impairment in the 
age to abstract (5). The point may be 

th t these are analogous phenomena. 
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PROBLEM 


Lashley (13) originally felt that the more 
complex the maze problem to be learned, the 
greater the retardation produced by any given 
extent of lesion. Although later experimenta- 
tion (15) led Lashley to conclude that the 
relative difficulty of the simple and complex 
mazes was the same for operated and control 
animals, the effect of increasing complexity 
upon reversal learning was not investigated. 
In contrast, Erickson (2), Jacobson (8), and 
Warden, Barrera, and Galt (19) have pointed 
out that learning complex problems is more 
adversely affected by cerebral damage than 
learning simple problems. These studies were 
also not concerned with reversal learning. 

This background of experiments leads to the 
expectations, relevant to the present study, 
that operated rats cannot learn to reverse a 
simple maze problem as readily as controls and, 
compared with control animals, operated rats 
will show increased perseverative interference 
as the difficulty of the task is increased. 

Lashley (12) found that even after complete 
destruction of the area striata, habits based on 
brightness discrimination were abolished, but 
could be reformed at exactly the same rate as 
the original formation in normal animals. If 
frontal lesions affect the ability of rats to learn 
brightness discrimination reversal, this would 
suggest that the ability to learn reversal of 
brightness discrimination is a function dif- 
ferent from that of learning brightness dis- 
crimination itself, a function which is more 
“sensitive? to brain lesions than original 
learning. 

Conversely, reversal ability may not be a 
discrete and independent ability which is 
always affected by frontal damage. Perhaps 
the ability to learn the reversal of a given 
problem depends upon the nature of the given 
problem end the demands it makes on the 
frontal cortex. If the original learning does not 
depend upon the frontal lobe, as is the case in 
brightness discrimination, perhaps the ability 
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PAFFELE 


GOAL pox 


Fic. 1. Maze apparatus 


Fic. 2. Discrimination apparatus 


to learn the reversal of this problem also does 
not depend upon the frontal lobe. 

Gatling (4) found that negative transfer 
effect is eliminated in a series of stimulus 
reversal problems. Normal rats show evidence 
of “learning to learn” in successive reversals. 
Do the results found with normal rats also 
obtain with rats with frontal lesions, or does 
the successive reversal produce perseverative 
interference and thus constitute a progressively 
harder task for operated Ss as compared with 
controls? 


METHOD 
Apparatus 


The unidirectional maze (Fig. 1) used in the experi- 
ment consisted of four round maze units, 1 ft. in 
diameter, mounted at intervals of 16 in. on an elevated 
linear pathway. The apparatus could be used as a 


WILLIAM T. BOURKE 


single unit or as a four-unit maze. Plastic doors, hinged 
above the exit of each unit, prevented retracing between 
units. Reliability of the maze apparatus, computed 
from errors made by control animals, was determined 
from a correlation of odd versus even trials, corrected 
by the Spearman-Brown formula. The four-unit maze 
yielded a reliability coefficient of .89. 

The reliability of the discrimination apparatus (Fig. 
2), modeled after the Lashley Jumping Box, was com- 
puted from errors of control animals on original learn- 
ing. A correlation of odd versus even trials, corrected 
by the Spearman-Brown formula, resulted in a reli- 
ability coefficient of .84. 

The thermocautery used to produce the brain lesions 
was similar to those obtainable from any medical supply 
house. A foot switch controlled the current, which was 
drawn from a variable transformer set at 5 v. Voltage 
input was 115 v. The cautery drew 5 amp. of current. 


Subjects 


i Sixty experimentally naive albino rats were divided 
into two main groups, 30 which learned the maze prob- 
lems and 30 which learned the discrimination problems. 
One-half of each group was operated upon; one-half 
served as controls, undergoing a sham operation. Split- 
litter technique was used. The two groups were matche 
for sex. 


Procedure 


Operative procedure. Brain operations were performed 
under deep ether anesthesia. Under aseptic conditions, 
a mid-line scalp incision about 3 cm. long was made, 
exposing the frontal sutures of the skull. The cautery 
was applied 14 cm. anteriorly to the frontal suture, on 
both sides of the sagittal suture. This method of PFO 
ducing brain lesions by electrocautery without opening 
the skull was described by Dennis and Bolton (1): 

The cautery was applied for a period of from 35 to 
40 sec. The scalp flaps were then joined and fastene 
with metal wound clips. Wound clips were removed 08 
the seventh postoperative day, under a light ether 
anesthesia. 

Control animals were subjected to a sham operation 
to equalize some of the effects of operative shock. The 
procedure used was the same as that for the operate 
group, except that the electrocautery was not appliec- 
Fourteen days were allowed for recovery from opera" 
tive shock. 

Upon completion of the tasks that comprised either 
problem, histological studies were made of the brains 
of all operated animals. The brains were frozen, 50€ 
tioned at 50 millimicrons, and stained with Weil st2!P 
by a technician of the Tulane University physiology 
department. The method of reconstructing the brain 
diagrams is the same as that used by Lashley (13): The 
percentage of the total surface area destroyed, a5 deter. 
mined from reconstructed diagrams, ranged from im d 

Training. Preliminary training on the maze consistet 
in placing each animal at the entrance of the round un 
near the goal box and allowing it to explore the uno n 
structed maze and obtain food. Each animal was diss 
five trials on each of the ten days set aside for habi 
tion. For reinforcement, each animal received ” 
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Pellets of canned dog food, which amounted to approxi- 
mately 2 gm. They were then returned to the home 
cage and fed for 1 hr. 
, Following the ten-day period of preliminary train- 
Ing, performance on the simple maze problem was 
egun. One of the two paths leading to the goal was 
blocked. The task for the rat was to learn to choose the 
one pathway leading to the goal which was not ob- 
Structed. The position of the obstruction was varied so 
that it blocked the left path for the first five operated 
and the first five control animals. For the second ten 
animals the obstruction was placed in the right path- 
Way, and for the third it was placed on the left. 
Nu massed trials a day were given each animal; re- 
cing to the correct pathway was permitted. Rein- 
rcement was given as during the preliminary training 
Period, and after five trials, the animals were returned 
their home cages and fed. Water was constantly 
available, 

After the S had learned the problem to the criterion 
bog per cent correct, i.e., one error in 25 trials, the 
M Ln of the obstruction was changed and the animal 

8 ed on Task II, the reversal problem, the following 
Drs ihe task for the rat was to learn to choose the 
PUE blocked pathway, which was now unob- 
s ted. The path that S had formerly learned to use 

as blocked, 
ohare learning the reversal of the simple maze to the 
em, ee animal was started on the complex prob- 
dis d III, the following day. The four-unit maze 
tional m rom the simple maze only in that three addi- 
Tat was aze units had to be learned. The task for the 
Previou aem to learn to choose the pathway that had 
On the 5d been obstructed. All four units were blocked 
trials. Te side. The criterion remained one error in 
complex he criterion is actually more difficult on the 
bility E: problem, since each trial contained the possi- 
error in bret an error in each of the four units. One 
trials therefore means that 99 correct choices 
ia made out of 100. When this criterion was 
Versed , the position of the obstruction was again re- 
follow, and S started on the new task, Task IV, the 

ing day. 

fidos: error was defined as the animal's entry into an 
havior ct alley beyond one-half the body length. Be- 
t ne nicer errors, and the number of trials necessary 
np the criterion were recorded. Both simple and 
fers errors were counted. A simple error is an 
the ini ded error, counted when the rat went to 
em en retraced its path, and then made the 
the e choice. Compound errors were counted when 
Uni. made repetitive incorrect choices in the same 


Prelimi i 
Was ae training on the discrimination problem 
trials a egun 14 days after operation. Similarly, five 
With a € were given, during which Ss were reinforced 
"quali 2 gm. of canned food. A systematic forced 
Color unde of choice in pretraining was used to reduce 
freely c position preferences, since the animal either 
t ey iere all corabinations of color and position or 
Dei, Ere forced upon him. Each animal had the ex- 
th € of being rewarded in the black goal box and 


e w] 
l ite goal bi " : 
eft ang OH the ont ee Du as being rewarded on the 
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After running five massed trials as described, the 
animal was returned to the home cage and allowed to 
eat for 1 hr. 

Discrimination learning proper, Task I, was begun 
after ten days of preliminary training. The specific 
task for S was to learn which of the two stimuli, black 
or white, was being rewarded, and to choose that 
stimulus regardless of its position. 

Black was made the initial correct stimulus for 
seven control and seven operated rats. For the remain- 
ing eight controls and eight operated animals, white 
was made the initial correct stimulus. This distribution 
of white to black favors the operated animals slightly. 
Krechevsky (11) has shown that normal animals have 
a preference for black alleys, while cortically operated 
animals prefer white alleys. The above proportions were 
chosen so that any obtained deficit in learning could not 
be ascribed to color-preference differences between 
operated and control animals. 

Five massed noncorrection trials a day were given, 
the position of the rewarded stimulus following a pre- 
determined order. When the animal entered the correct 
goal box, a small pellet of canned dog food was dropped 
into a glass food dish. Five such pellets totaled about 
2 gm. After running five trials, the animal was returned 
to the home cage and fed. 

Not more than one error for each block of five 
trials for three days was allowed. When this criterion 
of 80 per cent correct was reached, the rewarded 
stimulus was reversed and Task II begun. Aíter learn- 
ing to respond to the new correct stimulus, the previ- 
ously unrewarded one, the stimulus was again reversed 
and Task III begun. 


RESULTS 


Maze 

The test for determining the significances 
between means of samples drawn from 
positively skewed populations, devised by 
Festinger (3), was applied. 

The data appear to support these con- 
clusions: 

1. There was no significant difference be- 
tween operated and control rats in ability to 
learn a simple maze problem. The difference 
between the two samples was not significant 
at the .05 level when compared for mean 
number of trials to criterion, mean number of 
simple errors, or mean number of compound 
errors. 

2. There was a significant difference be- 
tween the two samples in ability to learn 
reversal of a simple maze problem. When 
errors are compared, either compound or 
simple errors, the differences between the two 
groups are significant at the .02 level. When 
trials are compared, the differences are sig- 
nificant at the .05 level. 
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TABLE 1 
Maze Problem: Group Differences 


INTRO! 
TASK OTERAIED CO: P L F > 


A. Mean Number of Trials 


I | 78.13 76.07 1.03 25 
II 63.07 43.00 1.47 «5 
III 70.47 83.53 1.18 25 
IV 85.87 46.47 1.85 «2 


B. Mean Compound Errors 


I 32.87 19.47 1:09 | 38 
II 25.00 8.20 3.05 | <2 
mt 69.80 20.53 3.39 | <2 
IV 82.00 15.73 52k | <2 


C. Mean Simple Errors 


I 31.60 18.00 1.75 28 

23.07 7.53 3.06 «2 

III 59.80 | 18.80 3.18 «2 

IV 75.33 15.00 5.02 «2 
I TABLE 2 


Discrimination Problem: Group Differences 


OPERATED 
Ss 


TASK ino e F 2 

A. Mean Errors 

I 59.0 40.4 1.46 2-5 

II 142.1 101.5 1.40 2-5 

III 61.0 70.8 1.16 >5 
B. Mean Trials 

I 136.0 100.3 1.36 >5 

II 250.9 194.3 1.29 >5 

IIl 117.7 135.7 1.15 25 


3. It must be recognized that the same 30 
animals were used in all maze problems. It is 
methodologically unsound to say without 
qualification that the larger differences be- 
tween the two groups on Task IV, compared 
with the smaller differences between them on 
Task II, are due to the complexity of the 
problem alone. Perseverative interference, the 
influence of learning the first problem upon 
subsequent problems, is involved. It may be 
concluded that compared with controls, oper- 
ated animals show increased perseverative 
interference as the difficulty of the problem is 
increased. On the complex problem reversal, 
the differences between the two groups were 
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significant at the .02 level when compared for 
trials. The differences in mean trials for the 
simple reversal were significant at the .05 
level only. 


Discrimination 


As with the maze data, Festinger's test was 
used to evaluate the significance of the dif- 
ferences in the means obtained from operated 
and control Ss. 

Under the conditions of the experiment, the 
following conclusions appear to be justified by 
the results: 

4. There was no significant difference be- 
tween operated and control rats in ability to 
learn the original brightness discrimination 
problem. The obtained differences between 
the two groups were not significant at the 
.05 level when compared for mean number of 
trials to criterion and when compared for mean 
number of errors. 

5. There was no significant difference in the 
ability of the two samples to learn the reversa 
of the brightness discrimination problem. 
Comparisons of the obtained differences, both 
trial and error data, were not significant at 
the .05 level. 

6. There was no significant difference be 
tween the two samples in ability to learn 
successive brightness discrimination reversa 
problems. When compared with controls 
operated rats did not show a disproportionate 
increase in trials or errors which might be at- 
tributable to increased perseverative inter- 
ference. When the trial and error data of the 
operated group were expressed as percentages 
of the controls, it was seen that operated 55 
showed their greatest deficit on the origin? 
task. Reversal learning had the effect © 
lessening the differences between the tw? 
groups. Operated rats show evidence ° 
"learning to learn” brightness discriminatioP. 
reversals, 


DISCUSSION 


The results obtained from analysis of the 
data indicate that rats with frontal lesions 
were inferior to control Ss in learning if 
original simple maze problem, but the on 
ferences were not statistically significa?” 
Reversal learning of this problem, howay y 
revealed significant differences between 


"- OOO 


FRONTAL LOBE DAMAGE AND HABIT REVERSAL 


two groups. Still greater differences were 
found when the two groups were compared for 
ability to reverse a more complex problem. 
We have borrowed Settlage’s explanatory 
term “perseverative interference” to account 
for these differences. When compared with 
controls, rats with frontal lesions show in- 
creased perseverative interference as the 
complexity of the task is increased. 

Although rats with frontal lesions are in- 
ferior to controls in ability to learn maze re- 
versal problems, they are not significantly 
Inferior in their ability to learn brightness 

Iscrimination reversals. Operated animals, 
While slightly inferior to controls, show evi- 

ence of “learning to learn” discrimination 
Teversal tasks as do normals. 

Several explanations may be advanced for 
the ability of frontal rats to learn discrimi- 
Nation reversals. The results found with the 
maze problem indicate that operated Ss show 
Sreater deficit on complex problems. This 
Suggests that a more difficult discrimination 


. Téversal problem, as presented by a multiple- 


discrimination apparatus, might be more 

ifficult for operated Ss than for controls. 
is is Second possible explanation of these results 
a in the nature of the problem being 
UEM - The maze problem involved de- 
< Hence upon definite motor cues, and it was 
ise Motor” areas which were damaged. The 
hd rmination problem did not involve such 

€pendence upon motor cues. 
; Lashley (14) suggested that brightness 
Crimination habits in the rat are mediated 
Y Subcortical centers. It may be postulated 
d habits of brightness discrimination re- 
is sal, „as well as the original brightness 
E p nation learning, are mediated by 
i aum centers. At least, the present 
ve 7 indicates that the specific brightness 
ir learn and discrimination reversal 
: used did not depend upon the integrity 
e frontal cortex in the white rat. 

Versal eee of these results is that re- 
dou al d ity is not a separate, discrete, and 
Wc s al jility which is dependent only upon 
3 d of the frontal cortex. The ability 
E. Umi also depends upon the task which is 
tSo. ed If initial learning is dependent 
SERE lo integrity of the frontal lobes, re- 
€arning may be expected to be in- 
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fluenced by frontal damage. If the initial 
learning is not dependent upon the frontal 
lobes, reversal learning of that task need not 
be influenced by frontal lesions. 

The suggestion that spatial factors may be 
especially affected by frontal lesions is in 
need of experimental verification. In the 
present study it was noted that the maze 
reversal habit, a habit depending upon motor 
cues and positional or spatial orientation, 
significantly differentiated operated rats from 
controls. An indication that similar results 
may be found in the human SS is found in the 
reports of Porteus and Kepner (16) and King 
(9). These authors report that frontal lesions 
result in impaired ability to demonstrate the 
type of intelligence which is measured by the 
Porteus Maze, a test relying heavily upon 
spatial factors. Possibly tests utilizing spatial 
factors combined with reversal may be 
especially sensitive to frontal damage in the 
human S. 

SUMMARY 


The study was designed to investigate the 
effects of frontal lobe lesions upon habit re- 
versal in the white rat. Two problems differing 
in their degree of dependence upon the frontal 
lobes were chosen. One of these, the habit of 
brightness discrimination, was not expected to 
be affected by frontal lesions. The reversal 
learning of this problem would likewise not be 
affected by frontal lesions unless reversal 
ability is dependent upon the integrity of the 
frontal lobes. The other problem, a maze 
problem, is dependent to a greater degree upon 
the brain areas which were destroyed. Animals 
with frontal lesions were expected to show 
deficit in reversal learning of thisproblem when 
compared with controls. If reversal learning of 
the brightness discrimination problem was not 
affected by frontal lesions, but the reversal 
learning of the maze problem was, it would 
suggest that deficit in reversal learning on the 
part of operated Ss does not depend solely 
upon the integrity of the frontal cortex, but 
depends in part upon the type of problem 
which is presented. 

„It was, also postulated that increasing the 
difficulty of the task to be reversed would result 
in increased perseverative interference for the 
operated Ss when compared with their control 
litter mates. 
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The following conclusions appear to be 
justified by the results: 

Rats with frontal lesions are not significantly 
inferior to controls in their ability to learn a 
simple maze problem. When the task is re- 
versed, however, and they are forced to change 
their directional choice for reward, the dif- 
ferences between the two groups are statisti- 
cally significant. The differences between the 
groups became greater when a more difficult 
maze task was presented. Operated Ss show 
increased perseverative interference and a 
disproportionate difficulty, compared with 
controls, when complexity of the maze task 
is increased. 

Operated and control Ss were not sig- 
nificantly different in their ability to learn the 
initial brightness discrimination habit. When 
the task was reversed and the animal had to 
learn to choose the previously unrewarded 
stimulus, the differences between groups were 
still not significant. A second reversal de- 
creased the differences obtained between the 
groups. Operated rats, as well as controls, show 
evidence of “learning to learn" brightness 
discrimination reversals. 

The ability to learn the reversal of any 
given task does not appear to be necessarily 
associated with the integrity of the frontal 
cortex. Deficit on the part of operated animals 
in learning reversal problems depends upon 
the type of task which is presented. 
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A STUDY OF FIGURAL EQUIVALENCE IN THE PIGEON! 


A. L. TOWE 


University of Washington 


It has been very well established that birds 
Can differentiate visual figures quite success- 
fully (2, 3, 4, 5, 7, 11, 15); very little can be 
Said about the extent of transfer of a learned 
dom discrimination to other figures. If, as 

e work of Layman (11) seems to suggest, 
apes discrimination learning in the 
E. is elaborated elsewhere than in the 
ae cortex, the question arises as to 
ot or not the nature of the response 
bea to figures varied from the original 

ef ng figures along certain dimensions will 
a eae to differ from the behavior of the 
meno S. This experiment represents an 
ient to learn something of the nature and 
lier of transfer of an acquired visual-figure 
mination in the pigeon when the training 
Ee are altered in various amounts with 
educti to the dimensions of rotation, cue 
under on, size, 1 distortion, and brightness, 
the condition of a constant background. 


METHOD 
Subjects 
Tw 
Naive enty-four two- to four-year-old, experimentally 


in = ope pigeons, ranging from 459 to 785 gm. 
: Were, were used. Individual living cages of 4 cu. 
Severa] ‘provien, and each bird had visual access to 
Pigeon Me birds. They were maintained on Albers 
ix and grit, with water always available. 

e experiment, the birds were fed only in the 
ox with dried peas and corn. Each bird was 


4 by E daily, and daily weight records were kept. 
Pbaratus 
T) $ 
E experimental apparatus consisted of a large 
Ment [ne box containing a lighted training compart- 
Via a on which S could be placed and observed by E 
Presented OX vision device. The stimulus figures were 
into n. in this compartment, and a feeder projected 
The duim d below the stimulus presentation windows. 
arge ine Was restrained from this wall by means of a 
taiseq z S door placed 3.5 in. out. This door could be 
[e lowered manually. 
box wea in illustrates the floor plan of this device. The 
Er by 35 in. at the base and 21 in. in height. 
Portion ^ Paper isa condensation of the experimental 
Et of s dissertation submitted in partial fulfill- 
tlosopr, " réuirements for the degree of Doctor of 
Riversit in the department of psychology at the 
Y of Washington in 1953. 
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The training compartment was 20 by 20 in. at the base, 
with a height of 15 in., by virtue of an elevated floor. 
All interior surfaces were white except for the lateral 
walls of the training compartment, which were of glass, 
backed by a double layer of white cheesecloth. The re- 
movable roof contained a centrally placed 3- by 10-in. 
milk-glass window with a 25-w. light 3 in. above it. 
This sole light source provided an evenly diffused 
lighting that tended to minimize shadows. 

On wall A (Fig. 1) were two circular openings 2.5 
in. in diameter and 3.75 in. apart from center to center. 
"These openings were 7 in. from the floor to their centers, 
and were covered by a 4- by 9-in. sliding door. This 
door could be raised and lowered by hand. The stimulus 
figures were presented behind these circular openings. 

A peck to the proper stimulus figure yielded a con- 
tact pulse of electrical energy which was led into a 
time-delay circuit, which in turn activated the feeder 
mechanism; this sequence required 0.9 sec. The feeder 
was centrally placed, 2 in. below the stimulus windows, 
and consisted of a rotating disc with ten cups, which 
had a capacity of 3 gm. of feed each.? 


Training 


Initially, each bird was placed in the training box 
for 10 min. every other day. They were no longer fed 
in their living cages, and food was available in the 
feeder cup of the training box. Each bird was trained 
to peck a striated pattern, and after 15 rewarded pecks 
to such a figure, the discrimination training was begun. 
The training schedule consisted of ten trials during a 
10-min. session each day. A trial was defined as a single 
presentation of a pair of stimulus figures accompanied 
by one peck, whether this was rewarded or not. On 
each trial, the stimulus door was raised to expose the 
two figures. Three seconds later the large glass restrain- 
ing door was raised, allowing a response. After one peck, 
the stimulus door was lowered. The S was allowed suf- 
ficient time to empty the feeder cup, if the proper 
choice had been made. Otherwise, the restraining door 
was also lowered immediately. Thus, the design was 
that of simultaneous discrimination learning by the 
noncorrection method. Training was continued until 
the criterion of two successive days of 100 per cent 
correct response was attained. During this time, new 
stimulus cards were substituted in order to avoid train- 
ing to inadvertent cues on soiled cards. 

The "random" order of presentation of triangle 
(positive) and square (negative) was subject to certain 
restrictions. Each daily block of ten trials included five 
trials with triangle in the left and five in the right 
position, and on no more than three successive trials 


2 This feeding device was designed and constructed 
by George Price, instrument maker of the department 
of psychology, University of Washington, for use with 
rats. It is readily adapted for use with birds. 
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Compartment 
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Glass restrainir leor. 


SE ONS Wall A 
Feeding 
Motor device Tes 
i delay 
Switches circuit 
cheesecloth 


Observation 
window 


Service deor 


Fic. 1. Floor plan of the training box. The S is 
placed in the training compartment by means of an 
overhead door, and can be observed by E via the 
observation window and mirror. The stimulus cards are 
changed and the feeder is loaded through the service 
door. The restraining door and the stimulus door are 
manipulated by draw cords next to the service door. 


could triangle appear in the same position. This allowed 
192 possible ten-trial blocks, which were assigned to 
days by means of a table of random numbers. The 
tendency to assume a position habit made these restric- 
tions necessary. 


Testing 


When the criterion of learning had been reached, the 
birds were then tested for equivalence responses during 
a four-day period. Each day, each animal received 5 
training, 5 testing, 5 training, and 5 testing trials, in 
that order. Hence, each S received 20 trials on each of 
four testing days, and 40 pairs of testing figures were 
used. During the 10 training trials each testing day, 
the birds were rewarded only for correct choices. Re- 
ward was available for any choice on the test figures, 
although the amount was reduced to 2 gm. This re- 
warding of test trials was done to insure continued 
response, 

Testing figures. The stimulus properties to be con- 
sidered in studying visual-figure discrimination are at 
least six in number (1); only five of these were studied 
in this experiment: rotation, cue reduction, size, dis- 
tortion, and brightness. The shape of the background 
was held constant. The training figures consisted of an 
upright equilateral triangle and a square, both 1 sq. 
in. in area. The testing figures consisted of variations 
on these two figures with respect to the dimensions 
mentioned above. The figures were painted with black 
tempera on 3- by 3-in. white, light-weight cardboard, 
and could very easily be placed into position behind 
the stimulus presentation windows. Thus, each figure 
appeared to S in a circular setting. 

"The order of presentation of the five stimulus dimen- 
sions and the pairs of figures within each dimension 
requires some discussion. Figure 2 shows that five series 
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of stimulus pairs were used, but that two of these, 
Series A and C, consisted of only five pairs each. These 
two series were combined to form one group. Thus, one 
group, consisting of ten testing pairs, could be assigned 
to each test day. This allowed 24 possible orders of pres- 
entation of the four groups, which were assigned to the 
24 birds by means of a table of random numbers. On 
days when Series A and C appeared, random selection 
determined which should be presented first. The order 
of presentation of stimulus pairs within each series was 
also determined by a table of random numbers for 
each S. Thus, each bird received a different order of 
the five series of stimulus properties and a different 
order of test pairs. 


RESULTS 


The total number of training trials required 
to reach the criterion of two successive days of 
100 per cent correct response ranged from 280 
to 660, with a mean of 473.3 trials. There was 
no initial tendency to respond consistently 
to one or the other training figure, and ino 
consistent response to the negative training 
figure was observed in any S. Reinforcement 
on the test trials suggests that some increme? 
in response strength to the figures to Wh! 
response is made may aid in the building of P 
concept of class-form during the testing perio 
Such a process should yield a steady decreas? 
in the number of errors on successive days 9 
testing, an outcome which is not statistically 
apparent in the data. The total distribution © 
errors on the testing figures for successive day® 
was 37, 46, 44, and 40; the hypothesis of ? 
uniform distribution of errors over the fou 
testing days, tested by chi square, was foun! 
tenable. Hence, if such a process played à role 
in this study, it was exceedingly minor insofar 
as the present analysis is concerned. 

Figural equivalence score. The usual measur? 
of the extent of transfer of an acquired visu?" 
figure discrimination consists in the percentage 
of testing figures responded to “correctly, 
correct here meaning a positive response 
that member of a pair which is judged as “the 
more triangular” by human observers. State 
in terms of per cent correct response, the bir 
ranged from 72.5 to 92.5, with a mean scor? 
of 82.6. This may be stated in a way t? 
conveys a little more information, Vizo 25 
terms of chi-square probabilities. When thá 
hypothesis of a 50:50 distribution of 77, 
sponses for each S on the 40 test pairs is t 
and corrected for continuity, it is found t d 
the response distributions of 23 birds 
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as the “positive” member of that pair. 


than .001, and of one bird 
This does not necessarily indicate, 
quiae nnl all the “positive” figures were 

E to the original triangle, and that 
ti buted an did occur were randomly dis- 
‘Ome Bo mone the 40 pairs. On the contrary, 
Com sls g ues may, behaviorally, have been 
fig P'etely unrelated to the original training 
» and some “negative” test figures may 
. , een e 
Uning 


res 


quivalent to the original positive 


figure. For this analysis, the per- 
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nd testing figures. Throughout, the left-hand member of each pair of testing figures is 


formance of the 24 Ss on each test pair taken 
separately is considered, and is presented in 
tabular form in Table 1. 


Rotation. In Series A, failure of the dif- 
ferential response is quite evident. Only the 
triangle of pair A-5 was chosen by a sig- 


nificantly targe number of birds. This tinding 
. . y) i Y » 
is quite in agreement with that for the « hick 
when triangle and circle are used (2, 


t 3, 13). 
Cue reduction. On only the | 


ast two pairs of 


Series B, the dot figures, did the pigeons fail 
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TABLE 1 


Corrected Chi-Square Values and Probabilities for 
the Distribution of Responses to Individual 
Test Figures 


eae | Wm. | sorae | i Lj pan | Um" A 
A 1 .000 1.00 1 .001 
A 2 .375 | | 2 .001 
A 3 | 2.042 3 | -001 
A 4 4 .001 
e: 5 5 .001 

6 |22. 001 
B 1 | $ à. .001 
B 2 | 8 |: 10 
B 3 DN ES 01 
B 4 | | 10 22.042 .001 
B 5 | 
B 6 | | 1 |9.375 |.01 
B 7 | | 2 22.042 .001 
B |8 | 3 | 3.375 |.10 
B 9 | 4 | 1.042 |.40 
B 10 | 5 22.042.001 
6 22.042 |.001 
c 1 7 | .042*|:90 
C 12 E 8 15.042 |.001 
S135 $|5 9 |18.375*).001 
c 4 | à 10 18.375 .001 
ns 5 J | 
* Distribution reversed. 
to differentiate the triangular figure. Ap- 


parent "neurotic" behavior (hesitation, vacil- 
lation, withdrawal, rigidity) was observed 
when pairs B-8, B-9, and B-10 were presented. 
The widespread transfer of response to in- 
complete figures and outlines is quite in keep- 
ing with the general findings in mammalian 
figural equivalence studies (1, 9, 10, 14, 16). 
Size. Like most mammals (1, 6, 8, 14, 16), 
the pigeons continued to respond to the 
triangle when, in Series C, the absolute and 
relative size of the triangle and square were 
altered. A strong "preference" for the larger of 
two stimulus figures, however, was clearly 
evident. d x 
Distortion. Of the figures in Series D, only 
-8 was not differentiated by a significant 
of pigeons. This extent of transfer 
d figures is comparable to that 
us in rats and primates only after 
formation training £1, 6, 14). 
to altered 


pair D 
number 
to distorte 
which appe: 
specific concept i 
'The pigeon responds quite readily 
figures. 

Brightness. Figure-ground : 
vields a complex background, for the 


brightness re- 


versal 
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white interior of the box remains unchanged 
while the immediate surround of the figure is 
changed. Nevertheless, brightness reversal of 
both figures does not disturb the discrimin- 
atory transfer in the pigeon or in mammals 
(1, 16), except in the case of the rat (6, 10, 
12). Altering the absolute brightness of both 
figures without changing the figure-ground 


brightness relation does not disturb the 
pigeon or the mammals studied (1, 10). 


Whenever the triangle appears in its original 
figure-ground relation, | regardless of the 
absolute brightness, and is paired with a 
square other than the original brightness, the 
discriminatory response continues undisturbed. 
When only the absolute brightness of the 
triangle is altered, however, the discrimination 


breaks down. Apparently, the original bright- - 


ness and figure-ground relation are dominant 
over a figural discrimination when the initial 
training. does not involve a brightness dif- 
ference. 


CONCLUSIONS 


This experiment concerned the nature and 


extent of transfer of an acquired visual-figure 
discriminatory response, and was designed tO 
yield two measures of transfer: an over 
figural equivalence score for each S, and an 
equivalence measure for each figure of à pair 
of test figures as they related to the origina 
training figure. Several conclusions are "" 
dicated by the data. 

1. The extent of transfer of an acqu 
discriminatory response to visual figures is aS 
great (or greater) in the pigeon as in the 
mammalian forms that have been studied. 

2. This discriminatory response transfer 
not based upon the class-form of the stimulus 
figures. 

3. The original discriminatory response hi 
its basis in an adient response to the triangle, 
and neither avoidance of the square nor re- 
sponse based upon direct comparison of the 
figures was implicated. 


ired 


is 


id 


4. Pigeons transfer with great accuracy 19 
incomplete figures and outlines, and t0 dis- 
torted figures, but fail to differentiate dot 
figures. This transfer is not based upo” 
response to class-form or to specific shape nor 
has any single stimulus aspect been ne 

age: 


essential to successful transfer of respo' 
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3. Change in the absolute size of the two 
Stimulus figures does not disrupt the dis- 
crimination when the original training figures 
are of equal size. Pigeons do, however, show a 
distinct “preference” for the larger of two 
Visual figures. 

6. Absolute brightness alterations or figure- 
Bound brightness reversals do not disturb the 

erential response. However, when the 
Telative brightnesses are altered and one 

Sure contains the original figure-ground 

rightness relation, despite its absolute 
rightness, differentiation is interfered with 
M noticeable, measurable degree. Hence, 

. erning becomes dominant over a figural 

IScrimination, 
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SPATIAL LEARNING IN THE CANARY 


NICHOLAS PASTORE 


Queens College 


The problem underlying the experiments 
described here can be stated as follows: Will 
a canary pull a platform (by means of thread) 
to a point that will make possible the retrieving 
of food from a suspended bin when the food 
cannot otherwise be reached? If the canary is 
successful, can the performance be generalized? 
As will shortly be realized, the aim of E was 
to adapt Kóhler's box problem to the anatomi- 
cal make-up of birds. 


METHOD 
Subjects 


Two canaries 10 weeks old, and of the same clutch, 
were used, usually after a period of overnight food 
deprivation. The canaries had readily learned to tug 
on a thread attached to a food tray that was placed on 
runners outside the cage. Each bird received 100 rein- 
forcements in hauling the tray within reach. The birds 
were considered to be ready for learning to haul a plat- 
form and thus retrieve suspended food. One bird com- 
pleted all steps of the experiments, whereas the second 
bird failed in Step 1 and was discontinued. The reported 
results apply only to the first bird. 


Apparatus 


a. A hollow cardboard prism (height 2}4 in.) with 
a short length of thread emerging from the center of 
the front triangular face was used. In order to enable 
the bird to “see” the food that was to be covered by the 
prism, one small window was cut out from the bottom 
of each face and affixed with Scotch Tape. The prism 
was sufficiently stable to serve as a perch. 

b. A toy plastic truck was placed on tracks on a base 
8 in. long. A dowel perch was set on top of the truck. 
The truck could be displaced by tugging on thread 
that emerged from one end of the base. 

c. This was the same as b, except that threads 
emerged from both ends of the base; thus, the truck 
could be pulled in either one of two directions. 

d. This was also the same as b, except that the base 
was 14 in. 

e. This was the same as a, but with a height of 1 in., 
and a hollow rectangular cardboard box 34 in. high. 


PROCEDURE AND RESULTS 


1. Apparatus & was used tc determine 
whether or not the canary could integrate in 
a single, smooth performance two habits: 
hauling the prism, and perching on the prism. 
to reach the suspended food bin. To teach the 


288 


first habit, food on the cage floor was covered 
by the prism. The bird, after “investigating” 
the prism, tugged on the thread and exposed 
the food. In the 35 trials that followed (in @ 
period of 50 min.), the bird generally used à 
combination of tugging on the thread and 
pushing the prism from the rear. Since this 
habit was well established, training in the 
second habit was begun. The canary easily 
learned to perch on the prism and feed directly 
from the suspended bin. After 5 such free- 
feeding trials, the location of the bin was 
changed so that it could only be reached by 
displacing the prism. In its efforts to retrieve 
food customarily found beneath the prism, 
the canary positioned the prism under t 

suspended bin. Not finding food beneath th 
prism, it perched on the prism to obtain foo 

from the bin. In a series of 25 trials the pris” 


was brought within reach of the bin, an s 
canary obtained its reward. (During i m 
“Jook- 


series of trials the canary dropped its 
ing" response for food beneath the Pris™ 
Mechanical difficulties in moving the prism 
necessitated a change in apparatus. t 

2. Apparatus b was used. With the truck Ü 
one end of the base and the bin suspen e 
in. above the other end, the canary readily 
pulled the truck to a point below the E 
perched on the truck, and obtained its IND 
After 10 successful trials the successful inte 
tion of the two habits seemed established- T g 
question arose: Was the canary’s tugs” 
response stereotyped, or was it a response, 
the spatial relationship of the truck to the ly 

3. With apparatus c, the bin was rando™ 
placed above one or the other end of the ber 
with the truck always at the opposite enc b- 
took the canary 350 trials to master this Pray 
lem. In the last 100 trials, the canary correct 
tugged and positioned the truck 75 times- ag 
at any time the canary tugged on the YEH 
end, the particular trial was scored as an €” 
At this point it occurred to' E that the d 
might have learned to tug on the sar pere- 
above which the bin had been placed. T 
fore, further trials were discontinued- 
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4. For a more decisive result, the bin was 
tandomly placed at one of two points above 
the base—center and end (apparatus b). In 
All of 65 trials, the canary made no errors of 
Overshooting the bin. In three of these trials, 
the canary jumped prematurely, after which 
it immediately resumed its tugging. 

3. Since the displacement of the truck was 
Dot measured and the number of tugs required 
to position the truck was not counted, Step 4 
Was repeated quantitatively (apparatus d). 

lé bin could now be randomized at three 
Points above the base. In the predetermined 
n trials (24 trials at each point, and 28 inter- 
seed trials in which the bin was placed 
actly above the truck), the canary made 
i J one error of overshooting the bin. The 
S of the interspersed trials was to see 
ae er or not the canary would tug when 
meee was unnecessary. In all such inter- 
mae trials the canary perched directly, 

i po tugging. Moreover, each of three 
M Istances that the truck was displaced 
m Ponded to the actual bin distances; the 
ai number of tugs required to position the 
Rig proportional to the actual distance. 
trials. P judging” behavior occurred in 41 
ary ter having tugged insufficiently, the 
and fee alternatingly “look” at the truck 
tion int Tom its tugging position or from a posi- 

4 ermediate between the truck and bin. 
tugging judged,” the canary resumed its 
enS, Moreover, it was observed that the 
diy frequently interrupted its tugging (by 
ton 28 chirping, etc.) and then proceeded 

Position the truck. 

© test for the generality of the canary’s 
Tmance, Step 5 was repeated, after a vaca- 
Our days, with nine randomized bin 
a The results were completely in ac- 
5 c» With those of the previous experiment. 
tha, ,,)€3€ experiments it may be concluded 
spon € canary’s truck-hauling activity is a 
bin, ae to the spatial relationship of truck to 
ig ix the Spatial relationship of truck to bin 

ed from trial to trial, so is the canary’s 


C 


Perfo 
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tugging response; and if tugging is unnecessary 
(as with the interspersed trials), the canary 
does not tug. Moreover, on the response side, 
the fact that the canary can vary its behavior 
(stance at tugging position, interruptions in 
tugging, the number of tugs to get the truck 
to a given position, and premature perching 
followed by immediate resumption of tugging) 
and still appropriately position the truck pro- 
vides further evidence that the “perception” 
of spatial relationship is the critical variable. 

In another series of experiments, the at- 
tempt was made to teach the canary to stack 
a prism and a box in order to reach the bin, 
which was too high for either (apparatus e). 
The canary readily learned to retrieve the 
prism from any point in the cage and place it 
under the suspended bin, thus obtaining its 
reward. In addition, the canary learned to 
place the prism on the box, which had been 
fixed in position directly beneath the bin. 
(These results further bolster the interpreta- 
tion of the canary’s performance in the preceding 
experiments in terms of its response to spatial 
relationships.) However, in the crucial trial, 
when both prism and box were out of position, 
the canary seemed to be unable to stack them 
in a meaningful way. Actually, the canary did 
stack prism and box appropriately in only 10 
of 100 trials; these results, however, may be due 
to chance. The fact that the canary did some- 
times succeed may serve to indicate that, under 
appropriate conditions, with mechanical diffi- 
culties removed, the required task might be 
learned. 


SUMMARY 


A canary learned to retrieve food from a 
suspended bin, otherwise inaccessible, by: (a) 
positioning a toy truck, (b) positioning a small 
box, and (c) hoisting a small box on a larger 
box, the position of which had been fixed be- 
neath the bin. These results supply evidence for 
a perceptual interpretation of the canary’s 
performance. 


Received August 19, 1953. 


PERCEPTUAL DOMINANCE IN DISCRIMINATION 
LEARNING BY MONKEYS! 


J. M. WARREN 
University of Oregon 


Lashley (2, 3) trained rats to discriminate 
stimuli differing in multiple dimensions, and 
found, in subsequent critical tests to determine 
the basis of the discriminative response, that 
Ss had been responding to differences in single 
dominant dimensions. He has elsewhere (4, 
p. 82) indicated that perceptual dominance 
affects discrimination learning by monkeys: 
“Tf a monkey is trained to choose a large red 
circle and avoid a small green one, he will 
usually choose any red object and avoid any 
green, but will make chance scores when like 
colored large and small circles are presented." 
This observation suggests that in monkeys, as 
in rats, only the dominant cue difference is 
associated with differential response when 
Ss are trained to discriminate between stimuli 
differing in several dimensions. 

The present investigation was planned to 
determine the role of perceptual dominance in 
discrimination learning by monkeys. With 
a method similar to that described by Lashley, 
Ss were tested on a series of 15-trial discrimi- 
nation problems. During the first six trials of 
every problem, the paired stimuli differed in 
color, form, and size. Following the sixth 
trial, the difference in one or two of these 
dimensions was eliminated, and testing was 
continued for nine additional trials, with re- 
inforcement of appropriate responses to the 
remaining cue or cues. Six conditions could 
prevail in the last nine trials, and these con- 
ditions may be identified by the cue or cues 
which are retained after cue reduction, i.e., the 
differences retained were in color (C), form 
(F), size (S), color and form (CF), color and 
size (CS), or form and size (FS). 


METHOD 


Subjects. Four normal rhesus monkeys (no. A-17, 
A-20, A-22, and A-28) were studied in this experiment. 


1 This work was conducted at the Radiobiological 
Laboratory of the University of Texas and the United 
States Air Force, and was supported (in part) by funds 
provided under Contract AF 18(600)-165 with the 


USAF School of Aviation Medicine, Randolph Field, - 


Texas. 


The Ss had been thoroughly tamed and had previously 
served in a study of experimental extinction. Since no 
monkey had been trained on more than four discrimina- 
tion habits, the group may be considered essentially 
naive with respect to learning set formation. 

Apparatus. The Wisconsin General Test Apparatus 
(1, Fig. 1) was used in this study. The construction an 
standard procedures for the use of the apparatus have 
been described in earlier publications, 

Stimuli. Two hundred different stimuli were pre- 
pared for this experiment. Each was one of ten regular 
geometrical figures (trapezoid, semicircle, circle, stat 
hexagon, rhombus, square, rectangle, triangle, aP 
cross) cut from 34-in. plywood. None of the 20 copies 
of the different forms was identical with any other; one 
half were 4.5, and the remaining half 9.0 sq. in. in area. 
At each size, in turn, each of the identical forms W25 
painted one of ten different colors (black, white, Te“ 
green, blue, yellow, purple, chartreuse, pink, 4° 
brown). 4 f 

There were 2,025 different possible combinations 9 
color and form differences. From this large population 
of potential problems, 96 pairings were randomly 
selected for testing during the problems prior to cue 
reduction. No combination was repeated. 

Procedure. Each of the series of 96 15-trial problems 
consisted of two parts. During the first 6 trials, the 
stimuli differed in color, form, and size, e.£; * large 
blue trapezoid (+) versus a small green circle (-): 
New stimuli introduced between trials 6 and 7 reduce 
the number of relevant cue differences available during 
trials 7 to 15. To continue the example above, the 
stimuli might be changed to a small blue trapezoid (- ) 
versus a small green circle (—), CF differences being 
retained. The six categories of cues retained after cis 
reduction (CF, CS, FS, C, F, and S) each recurred 
times in random sequence during the experiment. 

Three problems were tested each day for 32 aye. 
No color, form, or size was consistently rewarde' a 
nonrewarded, so there was minimal opportunity fo 
interproblem transfer. f 

The 96 problems were divided into four blocks zt 
24 problems, each in order to test the significance g 
interproblem learning. 


RESULTS 


Since separate analyses of variance based 
on the pre- and postcue reduction portions oF 
the problems failed to indicate any significan í 
degree of learning set formation, the results a 
the entire experiment arc summarize a 
Figure 1. The intraproblem learning aan 4 
presented in this figure show performan oe 
discriminating stimuli differing in the t 
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Fic. 1. The effect of combining stimulus cues upon 


'ntraproblem learning 


oi ensions (trials 1 to 6), and also the effect 
ance (t reduction on discriminative perform- 
Es ag 7 to 15). Analysis of variance re- 
after c at the six problem categories tested 
imina duction varied significantly in dis- 
d). popility (P = 17.46, p <.01 with 5/45 
indicates 2 S gap test, summarized in Table 1, 
ignifica = the six categories represent four 
Color md different levels of difficulty. 
from o F, and CS do not differ significantly 
Ate gar athët in discriminability, and all 
d Sientes to FS, F, and S. Form and size 
i erences are more easily discriminated than 
erior : in form or in size, and F is in turn 
CF, CS 9 S. Since the differences among the 
hot signif and C categories are irregular and 
Categorie cant, the mean values for these three 
hsp S are plotted in Figure 1. 
Of ey ction of Figure 1 shows that in the case 
deprese, type of discrimination, cue reduction 
The ty the level of performance on trial 7. 
Cr ned of correct responses on the C, 
Cent le CS discriminations averaged 6.5 per 
"oam on trial 6, and performance on 
39 per, 22d S problems dropped 17, 27, and 
on Mee respectively. Trial 7 performance 
cang atter three categories was not sig- 
in y better than chance. Intraproblem 
2 triak 5 rapid, however, and performance 
fha ce on to 15 was significantly better than 
of apr obl all problem categories. The rates of 
t Probleme learning on the several classes 
nt rankina continued to differ throughout; 
*intained” of the problem categories was 
on trial 15, although the dif- 
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TABLE 1 
Tukey’s Gap Test of the Significance of the 
Differences between Mean Errors on the 
Cue Categories 


CATEGORY MEAN ERRORS GAP* $ 
cs 12.25 
5.25 
[9] 17.50 
1.25 
CF 18.75 
8.00 .01 
FS 26.75 
10.00 .01 
F 36.75 
8.25 .01 
S 45.00 


* For .05 level of confidence, gap = 5.29 with 15 df; for .01 
level of confidence, gap = 7.29 with 15 df. 


ferences among the categories in relative dis- 
criminability had decreased appreciably. 


DISCUSSION 


In general, the results of the present experi- 
ment agree with those obtained in previous 
investigations (5, 6, 7) of the relative dis- 
criminability of stimulus dimensions for the 
monkey. The rank order is identical in all four 
studies: color differences are most easily dis- 
tinguished, and form and size, form alone, and 
size alone are progressively more difficult. 
The results of the present investigation differ 
from those reported in the earlier papers, 
however, in finding that size differences were 
significantly less discriminable than form 
differences and that differences in form and 
size are significantly more discriminable than 
differences in either form or size alone. 

Regarding the concept of perceptual dom- 
inance, tested in this experiment, the following 
observations support the hypothesis: Dif- 
ferences in CF and CS were not significantly 
more discriminable than differences in color 
alone. Performance on those problems which 
required differential responses to nondominant 
cues (F, S, and FS) was not significantly better 
than chance on trial 7, and continued to be 
inferior to performance on problems in which 
the dominant cue was relevant throughout 
trials 7 to 15. 

'The following results, however, fail to sup- 
port the hypothesis that monkeys associate 
differential responses with only the dominant 
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relevant cue: Performance on all categories was 
significantly better than chance, and the level 
of performance attained on F, S, and FS 
problems was approaching the level attained 
on the color categories by trial 15. Although 
form was “dominant” over size, the combi- 
nation of form and size differences facilitated 
discrimination. 

It may be argued that the conditions of the 
present experiment induced in Ss a set to 
respond to all three relevant cues during the 
first six trials in anticipation of the subsequent, 
random cue reduction, and that presentation 
of many problems is not an adequate method 
of testing for the logical consequences of the 
hypothesized construct, perceptual dominance. 
Whether the tendency of the monkey to learn 
the significance of differences in more than one 
dimension was learned in the context of this 
experiment or elsewhere is not, however, im- 
portant. The significant datum is of com- 
parative interest—monkeys, in contrast to rats, 
base their discriminative response to stimuli 
varying in multiple dimensions, at least in 
part, upon all the relevant differences that 
differentiate the stimuli. 


SUMMARY 

Four rhesus monkeys were tested on a series 
of 96 15-trial discrimination problems. During 
the first 6 trials of every problem, the stimuli 
differed in color, form, and size. The number 
of relevant cues was reduced on trials 7 to 
15 by the elimination of the differences in one 
or two of the dimensions. Six types of prob- 
lems (CS, CF, FS, C, F, and S), named for the 
relevant cue or cues that were retained 
throughout trials 1 to 15, were tested 16 times 


each. 


J. M. WARREN 


The following results were obtained: 

1. Performance scores were depressed, on all 
types of problems, on the trial after cue Te 
duction. Only on those problems in which a 
difference in color was present was trial 7 
performance significantly better than chance. 

2. Significant differences in performance 
were observed among the different types 9 
problems; problems involving color dif- 
ferences were significantly more discriminable 
than FS, F, and S. The latter three differed 
significantly among themselves. 

The data indicated that, although pel 
ceptual dominance has some effect on dis- 
crimination learning by monkeys, monkeys 
in contrast to rats, learn the significance of al 
relevant stimulus cues. 
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DIFFERENTIAL FIRST-TRIAL PROCEDURES AND DISCRIMINATION 
LEARNING PERFORMANCE! 


A. J. RIOPELLE, E. W. FRANCISCO, ann H. W. ADES 
Emory University 


. Any attempt to account for the progressive 
improvement in the learning of successive 
discrimination problems (formation of learn- 
Ing sets [1]) must specify the roles of two 
general classes of factors: (a) the acquisition 
9f the ability to differentiate the stimuli, and 
B the development of the ability to utilize 
"ch a stimulus difference to secure a reward. 

d ary, the slope of the learning curve will be 
€rmined by the slower of these two factors. 

» aS Nissen suggests (4), the perception of a 

ge ence is immediate, then experimental 
à Tt should be directed toward an analysis 
ve MER played by supporting habits, irrele- 
em WES) and interproblem transfer tenden- 
Misc The present experiment examines the 
Bis c of four different methods of denoting 
set stimulus object on the first trial 
s e Subsequent acquisition of the prob- 
infor ` hile emphasizing the utilization-of- 
iden ation factor, this experiment also pro- 

effici an estimate of the naive monkey’s 

ency of stimulus differentiation. 


METHOD 


W ave monkeys participated in the experiment. All 
tainin alve with respect to formal discrimination 
trained to ae were tamed, however, and they were 
Secure fen Isplace a single object from a food well to 
(whip Pt on the first trial of each succeeding problem 
animal defined the experimental treatments), all 
Con, duct Were treated alike. The entire experiment was 
eneral d. With a modified version of the Wisconsin 
Ponte L^ Apparatus (1). In this device the caged 
Wells į d aces two stimulus objects that cover food 
o dig a retractable gray tray. The animal is allowed 
facts u ace one object to secure food. The critical 
(b) ipe noted were: (a) simultaneous discrimination; 
di, Seid _ baiting; (c) two-choice, object-quality 
2 fuoi doni (d) food reward for correct choice (trials 
of ae 6); (e) noncorrection procedure. 

Proble Problem lasted for only six trials. As soon as a 
m was completed, a new problem was introduced. 


1 
ftom UPPOrted in part by a research grant (M-359) 
ational land lastitute of Mental Health of the 
2 ea stitutes of Health, Public Health Service. 
Preces ed descriptions of apparatus and test-trial 
Ari Wc and complete summaries of the analyses of 
ate available from the authors. 


Ten problems were administered daily until the 
animals had completed 250 problems, which constituted 
the first phase of the experiment. 

The 12 animals were assembled into four groups of 
3 animals each. As noted earlier, the difference among 
groups involved only the first trial of each problem. 

Group Food (+). No matter which object the 
animals chose on the first trial, they obtained a raisin 
or peanut reward. This choice defined the “correct” 
object. Its selection, and only its selection, could 
secure food for the animals on subsequent trials. 

Group Marble (4-). No matter which object was 
chosen on trial 1, its removal from the food well 
uncovered a marble. This choice also determined the 
correct object of the problem, and its selection on 
subsequent trials secured food for the animals. 

Group No Food (—). The first trials for the animals 
of this group were invariably "wrong." The monkeys 
found only an empty food well under the object of 
choice. On subsequent trials they had to select the 
other object to secure food. 

Group Marble (—). The animals of this group, like 
those of Group Marble (+), invariably uncovered a 
marble on trial 1. Unlike that group, however, the 
members of Group Marble (—) had to select the other 
(nonpreferred) object on subsequent trials to secure 
food. In this respect their obligations were like those 
of Group No Food (—). 

In the second phase of the experiment all animals 
were administered 50 problems according to standard 
learning set procedure (1). In essence, the success of 
the response on the first trial is determined by chance. 
The correct (rewarded) object is determined by a 
predetermined scheme, and the animals must discover 
which of these objects covers the food. Trials 2 to 6 
follow according to the previous plan. 


RESULTS 


The four panels of Figure 1 portray the 
progressive changes occurring in intraproblem 
learning over successive blocks of 50 problems 
each. The following observations can be made 
with respect to this figure. (a) The confirma- 
tion of a preference by either a marble or food 
on the first trial leads to significantly better 
than chance scores on trial 2 throughout the 
experiment. (b) Intraproblem learning curves 
for the Foud (+) and the Marble (+) groups 
are practically flat, and the slopes change 
relatively little over successive blocks of 
problems. (c) The Marble (+) curve is higher 
than the Food (+) curve. (d) Progressive 
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Steepening of the intraproblem (trials 2 to 6) 
learning curves occurs only in the Marble 
(—) group. (e) Performance during the first 
50 problems of the No Food (—) and the Mar- 
ble (—) groups is consistently near a chance 
level. 

These observations are supported by the 
analysis of variance, the most important item 
of which was the trials X problems X groups 
Interaction based on 48 df. This item was 
Significant at the .01 level of confidence when 
tested against the trials X problems X ani- 
mals within groups interaction term based on 
128 df. 

The two panels of Figure 2 show inter- 
Problem learning curves (learning set curves) 
for trials 2 and 6 for each group. From the 
data for trial 2 in this figure it is seen that the 
Marble (+) curve is highest and the Marble 

—) curve is lowest. From the right panel of 

this figure it can be seen that whereas the two 
groups initially are superior to the two 

=) groups, these differences disappear by 

5 * end of the experiment. By comparing the 
Wo panels we may also note that in every 

n the learning set curve for trial 6 is steeper 

an the corresponding curve for trial 2. 

ince under the procedures for phase 2 the 
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animals for the first time encounter both cor- 
rect and incorrect first trials, it is now pos- 
sible to compare the performances on trials 
2 to 6 following a correct initial trial (+ 
curves) with those following an incorrect 
initial trial (— curves). The data are plotted 
for each group in Figure 3. The four panels of 
the figure portray the percentages of correct 
responses on each trial for the two kinds of 
problems. The data are based on 50 problems 
approximately uniformly distributed between 
(+) and (—) problems. 

Inspection of this figure reveals the follow- 
ing: (a) For the Food (4-) and the Marble (4-) 
groups, performances on trials 2 to 6 that 
follow a correct initial trial are superior to 
performances that folow an incorrect initial 
trial. (b) For the No Food (—) and the Mar- 
ble (—) groups, the performances following 
an incorrect trial are at least equal to and 
possibly superior to performances following 
correct first trials. (c) It is at least as easy for 
Group Marble (—) to reverse an initial in- 
correct response as it is for Group Marble 
(+) to repeat an initial correct response. 
(d) Over-all performances of the four groups, 
based on both (+) and (—) problems, are 
practically equal. 
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tiene 3. Comparison of performances on trials 2 through 6 following a correct first trial and following an 
ect first trial. All data are based on a series of 50 problems inserted after completion of the first (differential 


teatme: : > á 
e e phase of the experiment. Panel labels refer to experimental treatments during first phase of the 
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A number of comparisons may be made 
between this figure and Figure 1. (z) Note the 
(+) curve (Fig. 3) for Group Food (+); it is 
practically identical to the top curve for the 
same group in Figure 1. (b) A similar compar- 
ison for Group Marble (+) shows that the 
performance represented in Figure 3 is in- 
ferior to that shown in Figure 1. That is, 
food reward is less effective than its surrogate. 
(c) The (—) curve for Group No Food (—) 
is essentially unchanged from the top curve 
shown for the same group in Figure 1. (d) 
The (—) curve of Figure 3 for Group Marble 
(—) is clearly superior to the top curve of 
Figure 1 for the same group. 


DISCUSSION 


A number of detailed results have been 
presented that appear to have implications 
for three broad theoretical problems. The 
first of these deals with the stimulus differen- 
tiability of the naive monkey. The data of this 
experiment have shown that under favorable 
conditions consistently high discrimination 
test performance can be obtained from the 
beginning of training. Such a finding, of 
course, is consistent with the hypothesis that 
differences in stimulation are immediately 
perceived (4). It also argues against the 
necessity of the gradual development of cer- 
tain facilitating responses before proficient 
stimulus differentiation can occur. 

'The second general problem deals with the 
comparative importance of food as a reward 
and as a signal on trial 1 for discrimination 
learning and the formation of learning sets. 
Related to this problem is the universality of 
such parameters throughout the learning ex- 
perience of the animal. The data of this ex- 
periment as well as those of another report 
(8) show that food reward for an initial re- 
sponse is very likely to elicit a repetition of 
that response in inexperienced animals. After 
the animal has had experience with several 
hundred problems, an unrewarded response is 
more often followed by a correct response 
than an initial correct response (3, 5). Thus, 
the importance of food reward for the elicita- 
tion of correct responses is seen to diminish 
with extensive discrimination test experience. 
Furthermore, the equality, if not superiority, 
of the marble over food as a signal to repeat a 
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correct response further questions the signifi- 
cance of food reward for learning. 

The third general area for which these re- 
sults have implications deals with the signifi- 
cance of stimulus preferences in discrimination 
learning. The training during the extensive 
first phase of this experiment was such that 
for two groups (Marble [+] and Food [+]) 
reward coincided with the preference, what- 
ever the basis of the preferences. For the other 
two groups (Marble [—] and No Food [—]) 
the initial preferences had to be suppressed. 
Despite these long-lasting differences, when 
tested on a series of problems under identical 
conditions, the over-all efficiencies in per- 
formance of all groups were the same. Groups 
which were trained to perseverate a preference 
quickly learned to suppress a nonrewarce 
preference. Groups which had experience in 
suppressing a nonrewarding preference ha 
only little difficulty in perseverating a rear 
preference. That the performances on the 
standard problems were essentially equal, 
even though these problems differed somewhat 
from those previously experienced, probably 
indicates the general deterioration of prefer- 
ences and their reduced significance in respons? 
determination. Insofar as these preferences 
are due to the transfer of previous associations 
of similar stimuli with food, these results aT? 
consistent with the concept of transfer sup” 
pression (5). 


SUMMARY 


: e 
Four groups of naive rhesus monkeys Wer 


tested on a series of six-trial object-quality 
discrimination problems. All animals were 
treated alike on trials 2 through 6 of ea^ 
problem. The groups differed, however m 
terms of the nature of the first trial on 2€ 

problem. One group received food on its 
first choice and continued to receive food 1°” 
ward if the animal repeated his selection on 
the remaining five trials. Another group V? 

treated like the first except that a marble w4° 
found under the selected object on trial 1. 1 
third group found no food under its initi 
selection but obtained food on trials 2 throug 

6 if it selected the other object. The four! 


. js al 
group similarly had to reverse its A d 
choice, but the cue for this reversal P. "a 


marble. The results showed that the co 


MONKEY LEARNING TO FOOD AND NONFOOD INCENTIVES 


tion and subsequent reward of an initial 
Preference leads immediately to consistently 
high test performances. Reversal of an initial 
Tesponse becomes increasingly proficient with 
extensive training. Interproblem learning 
Curves for the various groups differed mark- 
edly, and the nature of the difference de- 
Pended upon which trial was considered. 
Subsequent testing on a series of problems 
according to the standard procedures revealed 
Comparable differences. These results were in- 
terpreted in terms of the immediate detection 
of Stimulus differences, in terms of the sig- 
nificance of food reward for learning, and in 


297 


terms of the importance of stimulus preferences 
in discrimination learning. 
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INTENSITY, DURATION, AND REPETITION OF HEDONIC PROCESSES 
AS RELATED TO ACQUISITION OF MOTIVES 


PAUL THOMAS YOUNG ax E. H. SHUFORD, JR. 


University of Illinois 


The present study aims to test objectively 
the hypothesis that hedonic processes are the 
basis for acquisition of motives (7). To elimi- 
nate primary needs and drives we kept an 
unlimited supply of food and water in the rat 
cages at all times. Our animals were neither 
hungry nor thirsty, nor were they depleted 
in any known way during the experiments. 

For incentives we employed brief exposures 
of sugar (sucrose) solutions that differed in 
concentration, in duration of exposure to the 
rat, and in frequency of exposure. Sugar solu- 
tions of all concentrations are known to be 
acceptable to rats, and the level of acceptabil- 
ity in a brief-choice feeding situation varies 
directly with the logarithm of the concentra- 
tion (8). It has been shown that higher con- 
centrations are consistently preferred to 
lower throughout the entire range from zero 
(distilled water) to saturation. We have as- 
sumed that the intensity of hedonic process is 
positively related to the concentration of sugar 
solution and that the duration of a hedonic 
process is positively related, within limits, to 
the duration of the animal’s contact with a 
solution. We have controlled the repetition 
of hedonic processes by varying the number of 
daily contacts in a series of trials. Throughout 
the experiment there was a single contact per 
day with a sugar solution. 


EXPERIMENTAL CONDITIONS 
Design of Experiment 


Four concentrations of sucrose solution were 
employed with four corresponding groups of rats as 
follows: group I (2 per cent), group II (6 per cent), 
group III (18 per cent), group IV G4 per cent). These 
concentrations form a logarithmic series with equal 
steps. For each group there were three subgroups. The 
rats in the first subgroup were allowed 1 sec. of contact 
with the solution per run; the rats in the second sub- 
group were allowed 4 sec. of contact; the animals in 
the third subgroup were allowed 16 sec. Thus, all told, 
there were 12 combinations of concentration and 
exposure time. . 

In carrying out the experiment we worked with two 
batches of 24 rats each. All 48 animals were treated 
alike during the first part of the experiment, which 
consisted of 18 daily runs with 1 taste of sugar solution 


per day. After this the batches were treated dif- 
ferently. The first batch was used to study the. effect 
upon performance of shifting the concentration oi 
solution and the second batch to study the effect 9 
shifting the exposure time. The experiment as & whole 
was planned so that when concentrations were shifted, 
exposure times were held constant for all rats; ben] 
exposure times were shifted, concentrations Were he 
constant. 

In the first batch there were 1 male and 1 female for 
each of the 12 incentive conditions. Since we foun 
that the females ran significantly faster than the males 
we employed only males in the second batch. 


Preparation and Care of the Sugar Solutio 


d 
All sucrose solutions have been prepared 27 
ight, 


specified in terms of per cent concentration by ue sa 
i.e., a 2 per cent solution contained 2 gm. of Suc 
and 98 gm. of distilled water per 100 gm. of soluti we 
In selecting four concentrations for the experiment » 
wanted the lowest value to be definitely above for 
preferential taste threshold of rats (0.5 per cent the 
sucrose) and the highest value to be well below A 
saturation limit (67.89 gm. of sucrose can be din 
in 32.11 gm. of distilled water at 25° C.). The ^ 
concentrations that we finally selected (2, 6, 18, of 
per cent) are widely dispersed along the continuum 
acceptability, and they are equally spaced in term? 
log units. 

All solutions were carefully prepared and 5 
room temperature in storage bottles. Fresh 
were mixed from time to time. At the start of 2 
experiment a quantity of each solution was P! 
into a beaker and from the beaker into the glass 
of the apparatus. 


ns 


oure! 
cup 


Exposure Times 


nds 
The exposure times of 1, 4, and 16 contact-seco at 


were arbitrarily chosen. We are reasonably certain ch 
with exposures up to 16 contact-seconds the appt not 
to satiation is not a factor of importance. We es 
know, however, the extent to which sensory er 
affective adaptation might influence the rats 
formance. 

A cumulative timer was employed fo: 
out when a rat was not drinking the suga! 
During an observation E depressed a key a5 
rat was in contact with the sugar solution aD Jore 
the key when a rat paused or left the cup t9 er ute i 
When 1 or 4 or 16 sec. of contact had been accum r im^ 
there was a sharp buzz that seryed as a signal jate- 
mediate removal of the solution from the feeding F 


imt 

r taking Um 
r soluti? 

long 95 4 
d releas® 


A ground plan of the apparatus is shown ! en 


Apparatus : 
e in os » 

T 

It is a modification of the standard food Pr? E 
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INCENTIVE FACTORS INFLUENCING APPROACH BEHAVIOR 


w 
Fic. 1. Ground plan of apparatus 


die that has been described elsewhere (4). In general, 
( neers consists of a starting box (B) with door 
Sod eading to an open feeding plate on which a single 
iie cup (F) is located (at standard distance of 38 cm. 
res the threshold of the door). The cup (7$ in. inside 
M een can be lowered from the feeding plate and 
at T by means of a lever device. The rat’s behavior 
winda cup can be clearly observed through a Lucite 
ow (W). 
um duration of the rat's contact with a sugar 
di lon was controlled by a cumulative timer. This 
ee constructed by Merle Ridgley, contains a 
but a motor that operates on alternating current 
na o prevent lag, a rectified d.c. current isthrown into 
za circuit the instant the a.c. is turned off. The timer 
iuo set for intervals of 1 or 4 or 16 sec.; when a total 
E of time has been accumulated, a sharp buzz 
Soluti às a signal to E for immediate removal of the 
lon from the feeding plate. 


Py, ; 
a : 
cedure and Measurements of Time 


in Fach daily run was preceded by a delay of 60 sec. 
ec, ane box and terminated by a pause of 60 
the a, ter the sugar solution had been lowered out of 

nimal's reach.” 
Mir daily run the following time measurerients 
taisin; ade: (a) The latency is the interval between 
E the door and the instant the rump of a rat 
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cleared the threshold of the door as seen in an overhead 
mirror. Latency was measured with a standard timer in 
hundredths of a second. (b) The total time (also called 
the approach time) is the interval between raising the 
door and first contact of a rat with the sugar solution. 
The total time was measured with a second standard 
timer in hundredths of a second. (c) The running time, 
obtained by subtracting the latency from the total 
time, is the time spent by an animal on the feeding 
plate after it has left the starting box and prior to 
contact with a solution. (d) The over-all exposure time 
is the time required for a rat to accumulate 1 or 4 or 16 
sec. of contact with a given solution. Over-all exposure 
times were measured with a stop watch but have not 
been used in the present report. 


Subjects 


The rats were of Sprague-Dawley stock, 50 to 60 
days old at the start of the experiment. They were 
weighed regularly and showed normal growth; they 
were healthy and active throughout the experiment. 

To make certain that neither hunger nor thirst was 
a factor in the experiments, the rats were maintained 
upon an unlimited supply of Purina Rodent Chow and 
tap water. Their diet was adequate; we are aware of 
no need or deprivation of any kind. The only time the 
animals did not have access to food and water was for 
30 or 40 min. during which they were put in carrying 
cages and given their daily runs. 


Preliminary Habituation to Apparatus and 
First Experience with Sugar Solutions 


Prior to the first trial the door to the starting box 
was locked open, and groups of rats were permitted to 
explore the entire apparatus. They were given 100 min. 
of preliminary exploration, 40 min. on the first day and 
60 on the second. Following these two days the door to 
the starting box was closed and each rat was placed 
individually on the feeding plate. On the third and 
fourth preliminary days the cup was filled with a sugar 
solution of the concentration to be used with the 
particular rat. On the third of the preliminary days each 
rat was allowed to drink the solution for 30 cumulative 
seconds and on the fourth day for 30 additional 
seconds. 

If, after 5 min. on the feeding plate, a rat had not 
accumulated 30 sec. of contact with the solution, a 
teacher rat was placed on the apparatus. The teacher 
ran immediately to the solution and started to drink; 
at this, the pupil invariably followed and drank. With 
slow rats this teacher technique greatly facilitated the 
accumulation of 60 sec. of preliminary contact. 

It should be pointed out that in the preliminary 
period all rats had explored the total apparatus but 
that only the feeding plate had been associated with the 
sweel taste from a sugar solution. 


` RESULTS 


Performance As Related to Concentration of 
Sugar Solution 


Figure 2 shows the median latencies on trial 
1 (upper curve) and on trials 14 through 18 
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Fic. 2. Median latencies on trial 1 (upper curve) 
and trials 14 through 18 (lower curve) as related to 
concentration of solution (48 rats) 


(lower curve). In the upper curve each point is 
a median based upon latency measurements of 
the 12 rats in each group. In the lower curve 
each point is based upon 60 latency measure- 
ments (12 rats, 5 days). 

Figure 2 shows clearly that on trial 1 (upper 
curve) there was only a chance relation be- 
tween time spent in the box prior to leaving it 
and concentration of the sugar solution that 
served as an incentive. After 14 to 18 daily 
runs, however, all latencies were reduced and 
a concentration gradient became clearly appar- 
ent (lower curve). The slowest approach time 
was for the 2 per cent solution and the fastest 
for the 54 per cent solution. 

Figure 3 shows the running time, i.e., the 
time spent by a rat on the feeding plate after 
emerging from the starting box and before 
making contact with the sugar solution. The 
upper curve gives the median running time 
for trial 1 and the lower curve the median 
running time for trials 14 to 18, inclusive. 
As in Figure 2, each point on the upper curve 
is based upon time measurements for 12 rats 
and each point on the lower curve upon 60 
measurements (12 rats, 5 days). 

The striking features of Figure 3 are these: 
(a) On the first run the rats showed a marked 
concentration gradient of running time. They 
ran faster to the higher than to the lower con- 
centrations. The significance of the differences 
in running time was determined by Wilcoxon’s 
(5) unpaired replicates test and checked by 
his groups of replicates test. If group I (2 per 
cent) is compared with group IV (54 per cent), 
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physiological limit of running time more 


-01 level. If group I is compared with group 
III (18 per cent), the difference is significant 
between .01 and .02 level. If group I is com- 
pared with group II (6 per cent), the differ- 
ence is significant at the .05 level. Comparisons 
of groups II, III, IV were not significant, 
however, at the .05 level. (b) With repeated 
trials all running times were shortened an 
they approached a common limit. After 14 to 
18 days of running, the initial gradient ha! 
almost vanished. A 
To study further the effect of repetition 
upon running time, we plotted individual 
performance curves (omitted here). These . 
curves demonstrate that rats approach theif 
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the difference is significant at better than the 


quickly with the higher than with the lore | 
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Fic. 3. Median running times on trial 1 
curve) and trials 14 through 18 (lower curve) 
lated to concentration of solution (48 rats) 
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TABLE 1 
Relative Reduction in Latency through Repetition 
with 1, 4, and 16 Contact-Seconds with Sugar 
Solution 
(N = 48) 


DURATION OF CONTACT 
WITH SUGAR SOLUTION 


VARIABLE 
1sec. | 4 sec. | 16 sec. 
Median latency on day 1 17.5 |14.5 [20.0 
fedian latency on days 14 to18,/10.5 | 7.5 | 5.5 


inclusive 
eduction in latency 
€lative reduction 


7.0 | 7.0 |14.5 
40.0% |48.3%|72.5% 


if We arbitrarily select, for purposes of com- 
Paon, a running time of 2.5 sec., then we find 
hat group IV reached this running time on 
t 4; groups III and II reached this running 
ime on day 8; group I reached it on day 11. 
Sie the variability within a group varies 
i» Concentration. Even after 14 to 18 repe- 
En = group I remained the most variable 
iis group IV the least; the other groups were 
Bor vite in variability (as shown by the 

"interquartile ranges). 

point of theoretical interest that appeared 


1 
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Latency In 
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in the individual performance curves for cumu- 
lative running time and also for cumulative 
latency is the following: Several of the rats in 
group I and one in group II showed little or 
no acceleration with repetition. Although the 
rats ran to the incentive solutions and tasted 
them, the curves showed little or no learning 
or only sporadic learning; there were well- 
marked plateaus in the curves. In groups III 
and IV, however, all rats yielded typical 
smooth learning curves with negative accelera- 
tion. 


Performance As Related to Duration of Contact 
with Sugar Solution 


The experiment was planned so that for 
each concentration four rats ran with 1 sec. 
of solution contact; four with 4 sec.; four with 
16 sec. All told, there were 16 animals running 
for each of these exposure times. 

The relative reductions in latency with repe- 
tition are given in Table 1. The table shows 
that on the first day of the series there was 
only a chance relation between latency and 
the duration of stimulus contact. The relative 
reductions with repetition, however, clearly 


1 Sec. 


4 Sec. 


16Sec. 


10 15 


Fic ad : Days 
(48 hi Deviations of median latencies from i itial latency with 1, 4, and 16 contact-seconds of exposure 
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indicate the greatest decrease for the 16-sec. 
group and the least for the 1-sec. group, with 
the 4-sec. group intermediate. 

Figure 4 shows the deviation of median 
latencies from the initial latency as a function 
of the duration of contact with the stimulus 
solution. Each point on the three curves is 
based upon the measured latencies of 16 rats. 
The initial latencies are equated to reduce 
chance variations from group to group; the 
deviations from initial values, both positive 
and negative, are plotted for all 18 days in 
the first series of runs. 

The data presented in Figure 4 clearly show 
the following: (a) For all groups there was an 
initial tendency to slow down for the first 
few days; this was followed by a speeding up 
of the time required for rats to leave the start- 
ing box. (b) For the first 8 or 9 days the three 
curves show considerable overlap with high 
variability and no consistent group differ- 
ences, but after day 9, well-defined group 
differences developed. On the last 5 days of the 
series the 16-sec. group was clearly the fastest, 
the 4-sec. group intermediate, and the 1-sec. 
group the slowest. During the last 5 days the 
differences between groups are significant at 
the .05 level by Wilcoxon's test. 


The Effect upon Performance of Changing the 
Concentration of Solution 


The 24 rats in the first batch were tested 
with all four concentrations of sugar solution. 
The first incentive was employed for 18 days, 
as described above; on day 19 a new incentive 
was introduced. We have here regarded the 
first series as of 19-day duration on the as- 
sumption that a change of concentration on 
day 19 could not possibly affect the time 
measurements until after the rat had tasted 
the new solution. On this basis the first incen- 


TABLE 2 


Relative Change in Approach Time (Total Time) after 
Shifts in Concentration of Solution 


1ST SHIFT 2ND SHIFT | 3RD SHIFT 


GROUP 
I 27.25 | 102.02 62.89 
I 23.89 | 109.05- | 101.17 
III 95.05 68.30 55.72 
IV 100.48 | 69.85 | 173.12 
Average range of | 72.20 | 36.46 77.84 
Í 


change 
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tive was employed for 19 days, the second 
for 15 days, the third for 22 days (longer 
than the others, to counteract forgetting dur- 
ing the Christmas vacation), the fourth for 
14 days. 

The four successive concentrations of sugar 
solution for each of the groups are: group + 
2, 18, 6, 54; group II: 6, 54, 18, 2; group UE: 
18, 2, 6, 54; and group IV: 54, 6, 18, 2. 

The data for individual rats are omitted 
to economize space, but we present in Table 2 
some figures derived from the raw data through 
the following steps. First, for each rat indi- 
vidually we determined the median appro? 
time (total time) for the last five days of ru?" 
ning with a given incentive. There were, 9 
course, four such medians for each anima, 
Second, for each rat individually we obtaine 
an index of relative change. These indices we? 
computed like percentages so that an 1n e 
of 100 indicates no change in approach time; 
an index greater than 100 indicates a slower | 
approach (longer time); an index less than | 
100 indicates faster approach (shorter time” |, 
Since there were three shifts of incentivo 
there are three indices of change for €2€ 
animal. Third, the 12 individual indices ° 
relative change for each group were average" 
and the group averages are the figures PI^ 
sented in Table 2. 

The figures in Table 2 should be read - 
follows: After the first shift, the approach 
times of groups I and II (changed to high? 
concentrations) were speeded up while t d 
approach times of groups III and IV (change 
to lower concentrations) were less affect 
After the second shift, groups III an 
(changed to higher concentrations) 
speeded up while groups I and II (change 2 
lower concentrations) were slowed 4° 4 
Similarly, after the third shift, groups I m 
III (changed to higher concentrations) p pa 
speeded up while groups II and IV (change 
lower concentrations) were slowed down: 2 

When we interpret the figures in Table f 
we shouid remember that practice alone; v 
out any change of incentive, should SP En 
up all approach times. This normal prac 
effect was more than offset in five of the in 
shifts to a lower concentration of soluto c 
and in one of these six there was only ? p a 
speeding up of approach. In all shifts ^ 4 
higher concentration, however, there W? 
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marked and consistent speeding up of the rat’s 
approach to the solution. In changing to a 
higher concentration the incentive effect and 
the practice effect reinforce each other. 

To study the magnitude of changes asso- 
ciated with shifts of concentration, we aver- 
aged the two lowest indices of change and the 
two highest indices, and by subtraction we 
obtained the average range of a change pro- 
duced by raising two concentrations and lower- 
Ing the other two. The average ranges are 
shown in Table 2. It is interesting to discover 
that the average range of change in the second 
shift is about half that in the first and third 
shifts. Since in the second shift the concentra- 
tions were changed 1 log unit and in the first 
and third shifts 2 log units, we can conclude 
that: A shift in concentration of 2 log units 
Produces, on the average, twice the amount of 
relative change in performance level as a shift 
of 1 log unit. 


The Effect upon Performance of Changing the 
Exposure Time of Solutions 


All animals of the second batch of 24 rats 
Were given one trial daily for 21 days. On day 
21 the group with 1 contact-second of daily 
exposure was changed to 16 sec.; the group 
With 16 sec. of contact was changed to 1 sec. 
Following these changes, rats in all groups 
Were given daily trials until they completed a 
total of 38 runs. What is the effect upon per- 
formance of changing the duration of the rat’s 
contact with a solution? 

Table 3 summarizes the findings. The table 
Shows the median approach time on days 17 
through 21. Each median is based upon 40 time 
measurements (8 rats per group, 5 days). 
Beginning on day 21 and continuing through 
day 38 the contact times were changed for two 
Broups. The median approach times for days 
34 through 38 are shown in Table 3. 

We should expect a change from 1 to 16 sec. 
to speed up the approach time and a change 
from 16 to 1 to slow it down. Both expecta- 
tions were met, but the extent of the changes 
Was surprisingly little. Although an increase 
ìn exposure time should speed up running, 
Tepetition alone (practice), without any change 
of exposure time, is known to have the same 
effect. It should be noted that the group with 
ü Sec. of contact and no change in exposure 
ime made a much greater relative gain than 
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TABLE 3 


Relative Change in Approach Time (Total Time) after 
Shifts in the Duration of Contact 


MEDIAN 4 
xxposune | APPROKGE | SECOND, E RELATIVE 
(ec) 17 To 21, ec) 34 To 38, Ec) 
- INCL. Sec.) INCL. = 
D 38.50 16 36.00 93.5 
4 8.65 4 2.75 31.8 
16 5.55 1 6.65 101.8 


the group changed from 1 to 16 sec. The change 
that we obtained in shifting from 1 to 16 sec., 
therefore, was much less than the change 
normally to be expected from practice alone! 

The change from 16 sec. to 1 sec. resulted 
in slowing down the approach time. In this 
instance the expected slowing down is opposed 
to the effect of practice. Actually the expected 
practice effect was more than offset by a reduc- 
tion of exposure time. 

Apparently the changes associated with 
shifts of exposure time are not as clear-cut as 
the changes associated with shifts of concen- 
tration. A further study is needed, therefore, 
to clarify the picture before a final conclusion 
upon shifts of exposure time can be drawn. 


DISCUSSION 


The Hedonic Basis for the Acquisition of Ap- 
proach Motives 


When it makes contact with a sugar solu- 
tion, the rat continues to ingest it; if it pauses 
to explore, it returns for more. We assume that 
a positive hedonic process orients the or- 
ganism toward the solution and builds up a 
tension that motivates return. Even a single 
sip of the sweet tasting solution must have an 
orectic effect, for after a single taste the rat 
returns from various positions and distances to 
taste it again. 

From this point of view the data presented 
in Figures 2 and 3 raise a point of considerable 
psychological interest. On two days prior to 
the first run the rats had explored the ap- 
paratus for 100 min. with the door to the 
starting box locked open but with no sugar 
solution on the apparatus and no possibility 
of forming an association between stimulus 
cues from the apparatus and a sweet taste. 
After these two days the door to the starting 
box was closed. Since there was no Possibility 
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of forming an association between stimulus 
cues from walls, floor, and ceiling of the start- 
ing box and a sweet tasting fluid, we should 
expect no relation between latency (time re- 
quired to leave starting box) and concentra- 
tion on trial 1—and this is exactly what we 
found (Fig. 2). With repeated trials, however, 
a concentration gradient of latencies de- 
veloped. This can be explained by assuming: 
(a) that the intensity of hedonic process is 
related to the concentration of sugar solution, 
and (b) that an approach motive is aroused by 
stimulus cues from the apparatus when the 
cues have been associated with the sugar solu- 
tion in space and time. 

The data presented in Figure 3 strikingly 
confirm this hypothesis. Prior to trial 1 each 
rat had tasted a sugar solution for 60 contact- 
seconds on the feeding plate (when the door 
to the starting box was closed). Hence, stimu- 
lus cues from the feeding plate aroused the 
approach motive as soon as the rat entered 
the feeding plate. On trial 1, as we might ex- 
pect, there was already a well-marked concen- 
tration gradient of running time. 

The present results agree with a previous 
finding that rats run faster to a preferred than 
to a nonpreferred food (6). The present re- 
sults, however, indicate that with repetition 
of runs the animals approach a common 
physiological limit of running time. They 
approach this limit at different rates—the 
rate varying directly with the concentration 
of solution. 

Our measurements of latency and running 
time do not correlate perfectly with solution 
concentration, for there are occasional inver- 
sions. In brief-exposure preference tests with 
sugar solutions, however, inversions were not 
found (8). This discrepancy may indicate that 
a brief-exposure preference test is a more 
reliable indicator of relative acceptability than 
measurements of latency and running time. 
It seems likely that inversions are dependent 
upon chance factors and that they would disap- 
pear with larger groups of Ss and with the 
accumulation of more data. 

Inany event, the present experiment demon- 
strates that the strength of a learned sugar- 
seeking motive, as indicated by the time meas- 
urements of approach behavior, varies with 
three conditions: (a) the concentration of 
sugar solution, (b) ‘he duration of contact 


^ 


with a sugar solution, and (c) the number of 
previous contacts. These three factors are 
independently variable. A change in one factor 
can readily be shown to be equivalent in its 
effect to some corresponding change in either 
of the other factors. Since these factors can 
be equated, they have a common denominator. 
This common denominator, we assume, is the 
degree of proprioceptive tension primarily 
aroused by the sweet tasting solution and 
secondarily aroused by stimuli from its sur- 
roundings. 


Quantity of Reward versus Hedonic Processes 


In experiments upon the quantity of re- 
ward, magnitude of reward has been varied in 
different ways. Quantity has been controlled 
by varying the number of food pellets offered 
(1), or the size of the visible reward (2), 0% 
as in the present experiment, the concentra- 
tion of the solution (3). In self-selection feed- 
ing experiments the gross quantity of a foo 
ingested per day or per hour is tacitly assume 
to measure its level of acceptability. It has 
been found, however, that relative acceptabil- 
ity measured by a brief-exposure preference 
test does not always agree with relative 2° 
ceptability as determined by the quantity © 
food ingested (8). Preference (choice) an 
quantity of food ingested, therefore, are dit- 
ferent operational criteria of acceptability: 
and the two criteria probably point to inde- 
pendent bodily mechanisms that regulate food 
acceptance. In the present experiment the 
quantity of reward has been varied by control 
of the concentration of sugar solution and by 
the duration of contact with it. 

Tf we assume, for the sake of argument, that 
the quantity of sucrose ingested during 1 se 
of drinking a 2 per cent solution is unity, the? 
the quantity ingested during 1 sec. of drinking 
a 54 per cent solution is 27 units, and the 
quantity ingested during 16 sec. of drinking 
a 54 per cent solution is 432 units. These rela- 
tive quantities of sucrose are so far from agree” 
ing with the relative changes in performance 
induced by variations of concentration, dU?" 
tion, and by repetition (Fig. 2, 3, 4) that W° 
doubt whether quantity of reward is the cor^ 
basis for analysis of the data. 4 

It seems better to interpret the dat? d 
terms of affective intensity, duration, and Y€P^- 
tition tnan in terms of quantity of reward. 


INCENTIVE FACTORS INFLUENCING APPROACH BEHAVIOR 


the basis of objective hedonic theory the pres- 
ent results are orderly and consistent. Further, 
an interpretation in terms of need reduction 
or drive reduction is out of the question since 
in the present work there was no initial need 
or drive to be reduced. Rather, the work de- 
scribes the development of purposive behavior 
in the absence of a need or internal drive and 
with a maximizing, rather than minimizing, 
of the incentive stimulus. 


Hedonic Processes and Learning 


Studies of individual learning curves ob- 
tained with incentives of low hedonic intensity 
(2 per cent and 6 per cent sucrose solution) 
Indicated that learning is not continuously 
Present. During parts of the series of daily 
Tuns there was evidence of learning (practice 
gains), but during other parts of the same 
Series there were plateaus and no indications 
of learning. This looks as if the effectiveness 
of an incentive in learning depends upon 
hedonic intensity. Our graphs suggest that 
there is a hedonic threshold for learning and 

‘at à rat may run to the solution without 
Sarning to run to it more quickly. If we as- 
Sume that a rat is motivated on all runs, we 
iua assume that it learns on all runs, for 

acts are against this last assumption. 

The facts make sense if we assume that 

ere is a hedonic threshold that is not neces- 
Sarily the same as the sensory threshold and 
that a hedonic process must be aroused before 
an animal learns to move toward or away from 
an incentive food object. 


CONCLUSIONS 


l. The speed at which rats approach a 
Sugar solution, after brief daily tastes of it, is 
an increasing monotonic function of the con- 
centration. 

2. Occasional group-to-group inversions in 
: € approach time, as related to concentration, 
“Uggest that approach times are less reliable as 
"Ddicators of relative acceptability than the 

ndings in brief-exposure preference tests. 
i E the concentration of a sugar solution 
eh ifted, the time of approach is changed in 
Ccordance witk the rule that rats approach a 
ee €r concentration (sweeter solution) more 
h pid than a lower (less sweet). The extent 
Xia ange in approach time is related to the 
up de of the Shift in concentration: a 
t of two log units, up or down, being twice 
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as effective in changing performance as a 
shift of one log unit. 

4. The duration of contact with a sugar 
solution is positively correlated with the rate 
of approach to the solution. Rats practiced 
with 16 cumulative contact-seconds per day 
approach the solutions more quickly than 
those practiced with 1 contact-second. Rats 
practiced with 4 contact-seconds are inter- 
mediate in their rate of approach to the solu- 
tions. 

5. The rate of approach to a sugar solution 
increases with the number of previous contacts 
with it. This fact can be interpreted in either 
of two ways: (a) in terms of the repetition of 
hedonic processes that organize behavior, or 
(b) in terms of the exercise of an instrumental 
act that is hedonically motivated. 

6. In general, our experimental findings 
can best be interpreted by assuming that posi- 
tive hedonic processes exist in the rat, that 
these hedonic processes organize approach 
motives, and that the strength of an acquired 
food-seeking drive is dependent upon the 
intensity, duration, and number of repetitions 
of hedonic processes. A food-seeking motive, we 
assume, is learned; and the act of running to a 
food is regulated by an inner determination 
that is aroused through environmental stim- 
ulus cues associated with the food. 
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A TEST FOR GENERALIZED SECONDARY REINFORCEMENT DURING 
EXTINCTION UNDER A DIFFERENT DRIVE 


LYNE STARLING REID axb ALEC J. SLIVINSKE! 


University of Virginia 


Much recent experimentation has had as its 
aim the clarification of certain questions re- 
lated to the nature and function of secondary 
reinforcement as a theoretical construct. Many 
of these questions have been confounded by 
the fact that secondary reinforcement as orig- 
inally discussed by Hull (8) was defined by 
two different sets of experimental operations. 
The first is the case in which a secondary 
reinforcing stimulus is used to reinforce the 
learning of a new response in the absence of 
primary reinforcement (2), and the second 
is that in which the presence of the stimulus 
during experimental extinction leads to a 
greater number of responses than occur during 
its absence (1). 

Estes (4, 5), utilizing the first of these two 
sets of operations, has reported that secondary 
reinforcement generalizes from one drive state 
to another. In the initial phase of his study an 
auditory click became the conditioned stim- 
ulus for animals under water deprivation to 
approach a tray, following which there was a 
reward of water. The animals were then 
divided into two groups, half being maintained 
on their original thirst drive and the others 
being transferred to a hunger drive. A bar 
which produced, when depressed, the same 
auditory stimulus previously associated with 
thirst, tray approach, and water reinforce- 
ment was next introduced. When the then 
thirsty or hungry animals were presented with 
this bar, there was no significant difference in 
the number of their bar-pressing responses 
even though the only reinforcement was that 
mediated by the auditory stimulus. Estes 
concludes that the effect of secondary rein- 
forcement had generalized from the thirst to 
the hunger drive and had reinforced the ac- 
quisition of a new response. 

If generalization is considered to be a failure 
to discriminate, as is suggested by tae Gibson 
(6) generalization hypothesis, then training 
in which hunger and thirst drive stimuli are 
further differentiated could act to reduce the 


1 Now at The Ohio State University. 
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amount of secondary reinforcement that is 
generalized. Such a possibility gave rise to the 
hypothesis tested in the first of the experiments 
to be described, viz., will the amount of 
secondary reinforcement generalized under a 
different drive state be reduced as the result 
of previous drive stimulus differentiation? 

It is clear from the experimental literature 
that rats are capable of being trained to make 
differential responses to the drive stimuli of 
hunger and thirst (8, 9). Training of this 
kind was therefore given to groups of rats 
which were then conditioned to an auditory 
Click under food deprivation. At the time; 
the writers considered the second set of defin- 
ing operations to be the more sensitive meas- 
ure of secondary reinforcement. For this 
reason the animals were trained to make 4 
bar-pressing response for food reward an 
were then extinguished under either food oF 
water deprivation with only the auditory 
stimulus following each bar-pressing response. 
In this fashion it was thought that the hY- 
pothesis stated above was capable of being 
tested. 


EXPERIMENT I 
Method. 


Subjects. Twenty-three male and 13 female albino 
rats of the Wistar strain, 90 to 100 days old, wer® 
Ss in the experiment. : 

Apparatus. A single-unit T maze elevated 37 1? 
from the floor was used for drive stimulus discrimina" 
tion training. The alleys of the maze were 134 in. wid® 
and their lengths were 36 in. from starting box 
choice point and 18 in. from choice point to either 8% 
box. The entire maze, including starting and goal boxe 
was painted flat black. White cardboard doors We"? 
suspended at the entrance of each goal box. 

A modified Skinner apparatus was used for tb? 
secondary reinforcement training and the measurement 
of generalization of secondary reinforcement. m 
consisted of a housing box with the usual horizont? 
bar activating, when pressed, a solenoid which aue 
charged a single pellet from a food magazine. The bal 
was made of }4-in. aluminum rod and was 2 in- Jong: 
It required a force of approximately 5 gm. to displat 
it the 44 in. necessary to make the required conte?" 
The interior of the box, 11 in. long, 8 in. wide, and B7 


; : Y eono? 
high, was painted flat black. Illumination of the inte”? 


al 
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was provided only by the normal room light passing 
through a 416- by 4-in. plate of etched glass located in 
the ceiling of the box. 

_ The secondary reinforcing stimulus was the auditory 
click of the solenoid which accompanied each bar 
depression. 

Discrimination training. Prior to the beginning of 
drive stimulus discrimination training all animals were 
deprived alternately of food and water for five periods 
of 22 hr. each (WFWFW). Between each deprivation 
Period they had both food and water present in their 
living cages for a 2-hr. period. The animals were then 
randomly assigned to two equal groups. One group was 
Blven discrimination training for a period of 24 days, 
While the other group was maintained during this 
Period on its usual living routine (ad libitum food and 
Water) except for daily handling to approximate that 
of the Ss in the discrimination program. The discrimina- 
tion training followed a fixed 8-day schedule, which 
Permitted an equal number of food- and water- 
deprivation days. The length of each deprivation 
Period, whether food or water, was always 22 hr. The 
Schedule (FWFFWFWW) was repeated three times 
during the 24-day period. During the discrimination 
training food was always located in the left goal box of 
the T maze and water always on the right. The Ss were 
even five self-corrective trials daily and permitted to 
ee or drink 10 sec. following entry into the goal box 

PPropriate to their deprivation. The door to the other 
cel box was always locked. At the end of the dis- 
"ea training all Ss receiving this training were 
to th ing 90 per cent or better to the side appropriate 

€ momentary deprivation. 
iae aerondary reinforcement training. All Ss received 
thi ical training in the bar-pressing situation. During 

5 period, the motivating condition was 22-hr. food 

eTrivation. On the first day Ss were given four 
Ls lets. While S was eating the last of these pellets, 

Nother pellet was discharged by E. A total of six 
Pellets was given in this manner. On the next day each 

Was placed in the box and permitted to press the bar 
© receive ten food pellets, and on each of the two 
ollowing days was given 20 reinforcements following 
^Ar-pressing responses. A total of 60 bar-pressing 
responses was thus rewarded by single food pellets, 
With the discharge of a pellet always accompanied by 

e click of the solenoid. 

T Test of generalization. On the day following its last 
cud reat each S was given an hour of experimental 
qa inction with only the sound of the solenoid following 
Tess A A aon The number of bar-pressing responses was 

pred 9n a counter. During extinction half the Ss of 
Ma discrimination-training and no-training groups 

ere continued on 22-hr. food deprivation, while the 


Other Ss of both groups were transferred to 22-hr. water 
*privation. 


Results 


The mean number of bar-pressing responses 
ise extinction for each of the four groups 
vaa idest in Table 1. It is apparent that there 
e 2 pronounced tendency for both dis- 

‘ination-trained groups, food- and water- 


TABLE 1 


Mean Number of Responses and Standard Deviations 
during One-Hour Extinction Period 


GROUP MEAN SD 
Discrimination training 
I. Food-deprived 313.1 95.5 
II. Water-deprived 57.3 | 43.3 


No training 
III. Food-deprived 
IV. Water-deprived 


deprived, to respond more during the hour than 
the nontrained animals. The data of Table 1 
also show a lack of evidence for the contention 
that secondary reinforcement has generalized 
from hunger to thirst for either discrimination- 
trained or nontrained animals. (Although the 
terms hunger and thirst are sometimes used 
in the present paper, they refer only to the 
fact that the Ss being described are at that 
time in a scheduled period of food or water 
deprivation.) In fact, it appears clear that the 
presence of the secondary reinforcing agent 
during the extinction of those animals trans- 
ferred from food deprivation to water de- 
privation had little effect on the total number 
of responses. 

The significance of the differences between 
mean number of responses is presented in 
Table 2. Because of the nonnormality of the 
sampling distributions, the raw data were 
transformed to logarithms for the purpose of 
applying tests of significance. The nonnormal- 
ity likely results from the fact that such 
measures are restricted to zero at the lower 
end of the distribution but unrestricted at the 
upper end. The / ratios show that only the 
mean difference between the two food-de- 
prived groups (I-III) approaches statistical 
significance. In all other comparisons, how- 
ever, the null hypothesis may be safely re- 
jected. 


TABLE 2 


Comparison of Mean Response Differences among 
Various Groups during One-Hour Extinction Period 


GROUPS MEAN LOG t 


COMPARED'| DIFFERENCE P 

I-II 0.8185 6.243 < .01 

I-III 0.2190 2.053 < 10 > .05 
ILIV 0.4749 2.499 < .05 > .02 
II-IV 1.0744 6.171 « .01 
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Discussion 

The data do not lend support to the major 
hypothesis of the experiment, which main- 
tained that drive stimulus discrimination 
training should reduce the amount of second- 
ary reinforcement generalized from one drive 
state to another. In terms of the conditions of 
the four groups it was predicted that the dis- 
crimination-trained group tested under food 
deprivation would emit more responses than 
the nontrained food-deprived group, and that 
the discrimination-trained group tested under 
water deprivation would make fewer responses 
than the nontrained water-deprived group. 
Although a tendency was noted for the dis- 
crimination-trained hunger group to respond 
more than the nontrained hunger group, the 
difference was not reliable, and the first pre- 
diction must be considered to be unverified. 
In the case of the second prediction the dif- 
ference between the trained and nontrained 
thirst groups (6 = .01) was in the opposite 
direction from that which was predicted. 

Thus, discrimination training appears to 
have enhanced the number of responses made 
by both food- and water-deprived Ss during 
the 1-hr. extinction test. A possible explana- 
tion of this effect may be that the 24 days of 
food and water deprivation to which these 
animals had been subjected during the dis- 
crimination training served to increase their 
total effective drive level during the extinction 
test. Especially, it is likely that a residual 
hunger drive had been built up, thus account- 
ing for the greater number of responses on the 
part of the trained thirst group as well as the 
trained hunger group. : 1 

The findings seem to offer direct evidence 
that secondary reinforcement, when measured 
as the number of responses occurring during 
extinction, does not generalize from one drive 
to another. The differences between dis- 
crimination-trained and nontrained hunger 
and thirst groups are significant beyond the 
01 level. If the results of this and the Estes 
study are accepted, it seems quite possible 
that the sets of operations defining secondary 
reinforcement yield quite different phenomena. 
Such a possibility will be considered in more 
detail in the discussion of the second experi- 


ment. — 
In order to equate the conditions of dep- 
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rivation preceding extinction and to compare 
the effect of presence and absence of the audi- 
tory stimulus during extinction a second study 
was designed. 


EXPERIMENT II 
Method 


Subjects. Eight male and eight female albino rats of 
the Wistar strain, 90 to 110 days old, were used as 5s. 

Apparatus. The apparatus for this experiment 
consisted of the modified Skinner box previously de- 
scribed under Experiment I. The only further modifica- 
tion involved the use of a switch which prevented the 
food-release solenoid from being activated by depression 
of the bar, but continued to activate the counter whi 
recorded bar-pressing responses. 

Deprivation schedule. Prior to the administration of 
training in the secondary reinforcement situation, all 
Ss were subjected to a replication of the 24-day 
schedule of alternating 22-hr. food or water deprivations 
which accompanied the discrimination training in the 
previous study, but in this experiment no discrimina- 
tion training was given. 

Secondary reinforcement training. All Ss received the 
same schedule of training in this phase as in Experiment 
I; i.e., they received over a period of three days a tot 
of 60 food reinforcements accompanied by auditory 
clicks following bar-pressing responses. 

Extinction test. Essentially the same procedure 25 
that in Experiment I was followed. The animals were 
deprived of either food or water for 22 hr. prior to the 
1-hr. extinction test. In this case, however, the soun 
of the solenoid did not accompany the responses for 
one-half the Ss of both the food- and water-deprived 
groups. For the remaining hungry and thirsty 5s, the 
sound of the solenoid accompanied each response. 


Results 


Table 3 shows the mean number of times 
the four groups responded during the 1-hf 
extinction test. The hunger group receiving the 
Click after each response gave a mean of 317, 
the largest of any of the groups. There is little 
difference between the number of response? 
obtained for the two water-deprived groups 
the one not receiving the click actually bein£ 


TABLE 3 
Means and Standard Deviations of Number of R€ 
sponses during One-Hour Extinction Period 


GROUP MEAN SD 
EE 
Food-deprived 
I. Click « | 317.0 | 254.4 
II. No click 188.0 | 168-1 
Water-deprived 
III? Click 28.0 ay 
IV. No click 30.0 | 21- 
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TABLE 4 


Analysis of Variance of Log Number of Responses for 
the Various Groups during One-Hour Extinction 


Period 
EN 
SOURCE df AE ? 
Secondary reinforcement 


1 0.0210 
(click-no click) | 


Drive state 1 |3.4567/58.68)<.01 
RXD 1 (0.1204! 2.04 
Within set 12 0.0589 

Total 15 | | 


slightly higher. In terms of the generalization 
of secondary reinforcement it would be pre- 
dicted that the thirst group hearing the click 
Should have responded a greater number of 
times, 

Table 4 presents a summary of the analysis 
of variance carried out on the log transforma- 
tions of the raw scores for the four groups. 
It is seen that a difference in drive state dur- 
ing extinction is the only treatment that re- 
sults in a significant F score. When / tests 
Were applied, again only those differences 
between hunger and thirst groups were sig- 
nificant. Larger groups might well have pro- 
vided a significant difference between the 
hunger-reinforced and hunger-nonreinforced 
groups (the difference was at about the .10 
€vel), but as was pointed out above, the dif- 
€rence between the two thirst groups, though 
Dot significant, was in the opposite direction 
Írom that which would have been predicted 

Y a generalization hypothesis. 

It should be noted that the mean number of 
Tesponses for the secondary reinforced hunger 
Broup during its extinction was almost iden- 
tical with the discrimination-trained hunger 
Broup of the first study. This would seem to 
Support the hypothesis that a residual drive 

ad been carried into the extinction period 


2 the discrimination-trained animals of the 
tst study. 


Discussion 


eos, ae foregoing results it is-apparent, 
+ bs € case in Experiment I, that number 
en em that occurred during extinction 
Shes es no evidence that any secondary rein- 
* ng effect of the click generalized from the 
nger drive to thirst drive. It appears, rather, 
at the presence of the hunger or thirst 
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drive stimuli during extinction was the im- 
portant determiner of the number of responses 
emitted. 

It seems possible to conclude that the effects 
of secondary reinforcement either do not 
generalize from one drive to another or that 
such effects operate differentially under the 
two sets of conditions which have defined 
secondary reinforcement. That the second 
possibility is the more likely is evidenced by 
the inability to date of investigators to dif- 
ferentiate between secondary reinforcement 
of the type under investigation in the present 
study and discrimination learning (3, 10, 11). 
It is suggested that when an instrumental 
response chain is undergoing extinction, those 
stimuli which were associated with the rein- 
forcement of that chain tend to function as 
discriminative rather than reinforcing stimuli. 
This certainly is indicated by the behavior of 
the two thirst groups during the extinction 
stage of Experiment II. 


SUMMARY 

1. It was hypothesized that the reported 
generalization of secondary reinforcement from 
one drive state to another resulted. from the 
animal's failure to discriminate between the 
stimuli associated with the two drives. 

2. Twelve albino rats were trained in the 
typical Hull-Leeper fashion to discriminate 
the drive stimuli of hunger from the drive 
stimuli of thirst. They were then trained with 
12 other animals under 22-hr. food deprivation 
to make a bar-pressing response to an audi- 
tory click (secondary reinforcement) and food 
reward. One half of each of the discrimination- 
trained and nontrained groups was continued 
on 22-hr. food deprivation, while the other Ss 
were transferred to 22-hr. water deprivation. 
The four groups were then extinguished for a 
1-hr. period with primary reinforcement ab- 
sent but with the auditory click following 
each response. 

3. The results indicate a pronounced tend- 
ency for both discrimination-trained groups to 
respond more during the hour than their re- 
spective nontrained groups, but failto sup- 
port the contention that secondary reinforce- 
ment has generalized from hunger to thirst 
under either condition. 

4. A second study was designed to test the 
possibility that the extended period of dep- 
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tivation of the discrimination-trained ani- 
mals preceding extinction brought about the 
obtained differences, and to compare the 
effect of the presence and absence of the audi- 
tory click during extinction. 

5. Sixteen albino rats were carried through 
the same deprivation cycle as the discrimina- 
tion-trained Ss of the previous study, but 
were not given the training. Following ac- 
quisition of the bar-pressing response to the 
auditory click and food reinforcement, half 
the animals were continued under food 
deprivation and half changed to water dep- 
rivation. Half of each of these groups was 
then extinguished for 1 hr. with the auditory 
click present and the others without it. 

6. Again there was no evidence for the 
generalization of secondary reinforcement. 
Possible interpretations of the results in terms 
of the relationship between secondary rein- 


forcing stimuli and discriminative stimuli are 
discussed. 
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GENERALIZATION OF SECONDARY REINFORCEMENT 
IN DISCRIMINATION LEARNING! 


DAVID EHRENFREUND 
The State College of Washington 


In a recent paper (4), evidence was pre- 
sented showing that the learning of a black- 
White discrimination with rats was differen- 
tially affected by the presence or absence of 
an empty food cup in the negative goal box. 
It was argued that since the cup had acquired 
Secondary reinforcing properties, its presence 
in the negative goal box would provide some 
reward, thus vitiating somewhat the full 
effects of nonreinforcement and thereby re- 
tarding the development of a differential 
response. 
If the principle of stimulus generalization 
applies to secondary reinforcing stimuli, it 
follows that the rate of learning a visual dis- 
Crimination will be affected by the amount of 
habit strength that generalizes from the 
Secondary reinforcing cues on the rewarded 
Stimulus to those on the nonrewarded stim- 
ulus. For example, if the food cup on the 
rewarded stimulus is used as a secondary rein- 
ani. agent, the presence of a similar food 
: P on the nonrewarded stimulus (high gen- 
ralization) should retard learning as com- 
pared with a situation in which a dissimilar 
ood cup is present on the nonrewarded side 
(low generalization). Essentially the same 
line of reasoning was used by Denny (2) in a 
Tecent experiment in spatial discrimination 
employing a T maze. A distinctive goal box 
Was used as the secondary reinforcer. When 
‘dentical goal boxes were present at both ends 
of the maze, learning was retarded in com- 
ciim, with that of a group which, upon mak- 
i E an error, entered a box different from the 
ne on the rewarded side. 
t The present paper presents the results of 
a € experiments designed to test the effects 
in rimari of secondary reinforcement 
stus visual discrimination situation. The first 

udy, carried out in the Iowa laboratory, 


1 H H 
Ore Tie major portion of a paper read at the Eugene, 
: : n, meetings of the Western Psychological 
n eon, 1949. Those data collected at the State 
al ge of Washington were supported in part b> the 
* College of Washington Research Fund. à 


confirmed the prediction. A repetition at the 
State College of Washington laboratory, 
however, failed to show a difference between 
the groups. The third experiment was, there- 
fore, conducted, also in the State College of 
Washington laboratory, in an attempt to 
reconcile the discrepancy between the first 
two studies. The general design for all three 
experiments was the same. For all animals 
the color of the food cup on the rewarded 
side was identical to the color of the rewarded 
stimulus, i.e., black or white. The groups 
differed in terms of the color of the food cup 
on the nonrewarded side. In the high general- 
ization group (HG), the color of the food cup 
on the nonrewarded side was the same as 
that on the rewarded side. In the low general- 
ization group (LG), the color of the food cup 
on the nonrewarded side was the opposite of 
that on the rewarded side. According to the 
analysis made above, the LG group should 
learn the black-white discrimination signifi- 
cantly faster than the HG group. 


EXPERIMENT I 
Method 


Subjects. This study was conducted in the Iowa 
laboratory. The Ss were ten hooded rats, five in each 
group, from the colony maintained by the psychology 
department. These animals had previously been used 
in a T-maze spatial discrimination experiment and 
consequently exhibited strong position habits at the 
start of the discrimination training. 

Apparatus. The apparatus (Fig. 1) consisted of a 
Y maze, the stem of which was walled and covered 
with hardware cloth. The arms of the Y were open as 
in an elevated maze. The entire floor and the walls of 
the stem were of unpainted wood. The stimuli were 
two 4- by 10-in. pieces of Masonite painted flat black 
and flat white, respectively. 

The food cups (3-in. glass furniture coasters) were 
placed below the level of each stimulus board out of the 
Jine of sight from the choice point so that an animal had 
to reach down in order to obtain the pellet of food. 
A T-shaped door at the choice point prevented both 
retracing and correction. 

Procedure. Aíter one week of being fed 8 gm. per 
day in individual feeding cages at the experimental 
hour, 5s were given four days of preliminary training 
to habituate them to the apparatus. During this 
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TABLE 1 


Data from Three Experiments for High (HG) and Low 
(LG) Generalized Secondary Reinforcement to the 
Negative Cue in Black-White Discrimination 


TRIAL ERRORS 
EXPERIMENT | GROUP 
M | ow] ?* M | ow] 2° 
Iowa HG /40.20/5.62) .05 |20.40/3.87| .05 
LG |22.80)1.96 9 .80/1.59 
1st WSC HG /|21.90/3.19 9.50/1.36 
LG ]27.20/2.93 13.10/1.51 
2nd WSC | HG /57.33/6.11| .01 |26.00/2.54| .01 
LG ]|31.58/3.23 14.33]1.77 


* Due to heterogeneity of variance, the p values were obtained 
by entering the $ table with m — 1 degrees of freedom (cf. 3, ch. 9). 


period clear glass food cups were used. Following this 
period, the black and white cues and the appropriate 
colored food cups were placed on the apparatus. All 
Ss were given ten noncorrection trials per day until 
they reached a criterion of 90 per cent correct on two 
consecutive days with the last ten runs all correct. 
During training, the position of the stimulus cues was 
reversed in a balanced random order. 


Results 


The results are presented graphically in 
Figure 2 as the two solid lines. The superiority 
of the LG group is also reflected in the mean 
trial and error scores, as shown in Table 1. 

Even though these data support the pre- 
diction, the size of the groups, only five Ss 


€*— FOOD CUPS ~s> 
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STEM 


Fic. 1. Outline of the essential features of the 
apparatus in Experiment I. Food cups were placed 
below the floor level, out of line of sight from the choice 


point. 
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each, and the fact that they had previously 
been trained in a similar type of apparatus 
prompted a repetition of the experiment. 


EXPERIMENT II 


The second study was conducted in the State 
College of Washington laboratory. The apparatus was 
changed slightly, the main differences being in the floor, 
which was a grill, and the shape of the maze, 2 T 
instead of a Y. There were ten naive male albinos to & 
group. The two groups were treated the same as their 
counterparts in the first experiment. The results, how- 
ever, were quite different, there being no significan 
differences between the groups (Table 1). 


DISCUSSION 


The problem now remains to analyze the 
similarities and differences in the two expert 
ments. It is conceivable that such factors 25 
hooded vs. albinos, degree of sophistication 
per se, changed apparatus, etc. might con- 
tribute to the lack of agreement between the 
two sets of data. Such an analysis, howeve! 
seems to indicate that an important difference 
might lie in the fact that in the first expert 
ment, all Ss had definite position tendencies 
at the start of their training in the discrimina- 
tion apparatus. This tendency, it will be 1€ 
called, was acquired during their training 1n ® 
previous T-maze experiment. In the seco? 
experiment, the Ss were naive and only ^ 
per cent showed a position preference. ThS 
aspect of S's behavior has important implica" 
tions for our present problem in terms of t 
role of position preferences in discriminatio? 
theory (3). According to the theory, the dit- 
ferential response depends upon the develop 
ment of a certain difference in the tendenci? 
to approach the positive and negative cues: 
When this difference is great enough to ov 
come other differences such as arise from po 
tion tendencies which may be allied now V? D 
one cue, then with the other, learning is m2? 
fested. 3 

Position preference differences thus com 
prise one set of factors determining the ge 
of the differences between the approach e 
dencies of the stimulus cues that is necesa 
for manifest learning. The stronger the P? ce 
tion preference (i.e., the greater the differe" 
in right-left tendencies), the'slower is the Sg- 
velopment of a consistent choice of thé, : 
warded cue in visual discrimination. 
prediction is easily tested. 


GENERALIZATION OF SECONDARY REINFORCEMENT 


The implications of this for the present 
study are indicated by the fact that out of the 
eight Ss of Experiment II which exhibited 
strong position preferences, five were in the 
low generalization group, the group which was 
predicted to exhibit faster learning. As a sub- 
group, these five Ss required more trials and 
committed more errors than the other five Ss 
of the LG group. The difference between their 
mean trial scores was significant at the .05 
level, that between mean error scores at the 
10 level. As a more adequate check, two 
fresh groups of ten Ss each were trained in a 
black-white discrimination. During 20 pre- 
liminary trials (employing neutral cues), one 
of these groups was induced to adopt a position 
habit. This group was significantly retarded 
(.02 level) in terms of both trial and error 
Scores in comparison with the second group, 
which had also received 20 preliminary trials 
but in a random order. 

Since, in a situation such as this, the rein- 
forcing value of a neutral cue must be acquired 
during the course of learning, it is probably 
Necessary to insure continued commerce with 
the cue before S reaches the criterion, if the cue 
is to be effective in reinforcing wrong responses. 
Position tendencies apparently provide such 
Insurance, As a direct test of this reasoning a 
third experiment was conducted. 


EXPERIMENT III 
Method 


The physical setting and apparatus were as in 
Experiment II. In this experiment, however, all 


100 


PER CENT CORRECT 


DAYS 

; Fic. 2. Comparison curves 

Be emission studies showing the retarding influence 

T gh generalization (HG) of a secondary reinforcer 

9n the nonreinforced choice as compared with the 
Influence of low generalization (LG) S 


from“ two similar 
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animals were first induced to adopt a position habit 
before the black and white cues were placed on the 
apparatus. Otherwise, the preliminary training was 
the same as above. Two groups of 12 naive male 
albinos were used. After having responded in a free- 
choice situation for 20 consecutive trials to their 
preferred side, Ss were given the same training as in 
the first two experiments. 


Results 

'The results are also presented graphically 
in Figure 2 as the two broken lines. Differences 
between either trial or error scores are signifi- 
cant beyond the .01 level, in the direction 
predicted. Table 1 summarizes the data from 
all three studies. 

Discussion 

It thus appears that in a visual discrimina- 
tion problem in which the reward value of 
neutral stimuli is acquired during the course of 
learning, these secondary reinforcers show the 
effects of generalization. Such effects are indi- 
cated by retarded learning in the group for 
which these stimuli are similar for both cor- 
rect and incorrect choices as compared with 
the group for which these stimuli are dissim- 
ilar. In the present situation, the manifesta- 
tion of differential generalization depended 
upon some such device as strong position 
habits for all Ss, thus insuring enough con- 
tinued contact with the secondary reinforcer 
on the negative choice for it to be differenti- 
ally effective. 

The acquisition of secondary reinforcing 
properties during learning is emphasized in 
the above paragraph since it is quite possible 
that had these properties been acquired prior 
to learning, generalization effects would have 
been revealed without first inducing position 
preferences. 

There are, of course, other possibilities for 
‘insuring enough continued contact with the 
secondary reinforcer on the negative choice.” 
One is to increase the difficulty of the problem 
by delaying the reward. Another is to have a 
separate goal box which surrounds the S, 
rather than a small cup to which S is exposed 
for relatively mild periods. Both conditions 
were employed simultaneously in a recent 
study by Bauer and Lawrence (1). Their 
groups I and III correspond to our LG and 
HG groups, respectively. As in the present 
study, their group I learned faster than 
group III. 
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SUMMARY 


Generalization of secondary reinforcement 
as it affects black-white discrimination learn- 
ing was investigated in three similarly de- 
signed studies. In each, the generalized 
stimulus was the color of the food cup on the 
nonrewarded choice, which was either the 
same as or the opposite of the color of the food 
cup on the rewarded choice. The former ar- 
rangement is referred to as high generaliza- 
tion, the latter as low generalization. The 
hypothesis that such learning will be re- 
tarded when secondary cues occurring after 
a wrong choice are similar rather than dis- 
similar to those cues occurring after a correct 
choice was confirmed in the first but not in 
the second study. The notion that this dis- 
crepancy occurred largely as a function of the 
presence of strong position preference in the 
first study was subjected to further test. The 
third study, in which all Ss were induced to 
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adopt strong position habits prior to learning, 
again confirmed the hypothesis. 1 
The role of position habits and the condi- 
tions under which they are or are not necessary 
in revealing the effects of differential general- 
ization of secondary reinforcement were dis- 
cussed. 
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EXTINCTION CHANGES DURING A SERIES OF 
REINFORCEMENT-EXTINCTION SESSIONS 


DELOS D. WICKENS 4xp RAYMOND C. MILES 
The Ohio State University 


When a series of similar problems is learned, 
there. is a gradual and orderly increase in 
learning efficiency called interproblem trans- 
fer (2, 4). Similar results (1, 5) are obtained 
in a repeated series of habit reversals. After 
the first reversal there is a sharp increase in 
the number of trials required to reach the 
learning criterion. As successive reversals 
are presented, there is a. gradual decrease in 
the number of trials required to learn each 
reversal until learning is even more efficient 
than the initial attempt prior to the first 
reversal. 

The continuous development of interprob- 
lem transfer can be readily handled by the 
Concepts employed by Hull (3) and Spence 
(6), but the fact of increasing learning effi- 
Ciency during habit reversals appears to pre- 
Sent more difficulties. 

NC: problem is specifically discussed by 
ÉL In his latest book (3). In his reasoning 
ra iu discrimination problem solved 
es € basis of trace from the previous re- 
hec He concludes that such differences 
i cult for nonverbal animals and it is no 

n er that reversals take so long to learn. 
is nune attempt to explain reversal learn- 
b e in the Hullian framework was made 
= i orth (5). He suggests that the advanced 
" it “rengi increment is a decreasing func- 
ad of the difference between habit strength 
hihi its inhibitory components. These in- 
th itory effects are cumulative; consequently, 
P ed difference between habit strength 
in e eem is reduced and large increments 
: it strength can then appear. He men- 
the S two alternatives in order to account for 
— e improvement in the ability to 
e (a) the relevant cues become more 
hi ae with practice; (b) there is a 

gher acquisition rate of either the inhibitory 
or the excitatory process. ` 
Ne (1) feels that this theory fails to 
ou bee for the rather abrupt reversal shifts. 
bi ording to him reversal learning is a com- 

nation of three problems: the initial prob- 


lem, then learning to reverse, and, finally, 
shifting the response when reinforcement 
fails to occur. Each component would ex- 
hibit its own habit strength in reversal learn- 
ing. 

It appears that the development of an ade- 
quate theory must wait upon more empirical 
research which functions to further describe 
the characteristic of this kind of behavior. 
The purpose of this study was to investigate 
the extinction process during a series of rein- 
forcement-extinctions in the Skinner box. 
This procedure, a constant number of rein- 
forcements followed by extinction, was re- 
peated again and again in a manner similar 
to reversal learning. 


METHOD 
Subjects 


The Ss were nine male albino rats 90 days old at 
the beginning of the experiment. They were handled 
daily for ten days while a feeding rhythm was estab- 
lished. The eating period was always 2 hr. 


Procedure 


Each S was then placed in a Skinner box, under 
21-hr. food deprivation, and remained there 1 hr. or 
until 15 reinforcements, food pellets, were obtained. If 
the reinforcements were immediately attained, the S 
waited in the home cage until the hour was over and 
was then placed in the feeding cage. All but two of the 
animals conditioned within the first hour. One of these 
took two sessions to condition, whereas the other 
required three. On the next day following this initial 
conditioning, each S remained in the Skinner box for 
1 hr., and no bar press was reinforced during that 
period. This procedure, a reinforcement followed by an 
extinction period the next day, was repeated 30 times. 
During the last five sessions the reinforcement and 
extinction periods did not fall on alternate days; their 
sequence was determined by random selection. 

The animals remained in their feeding cage for 
24 hr. on sessions 14 and 21, so two days elapsed 
between sessions. This was an accident, not a part of 
the experimental design. There was no noticeable 
change in the extinction record after these days. 


RESULTS 


The medium number of extinction responses 
made for each extinction hour is presented in 
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Responses 


! 5 10 
Extinction 


Fic. 1. Medium number of extinction responses for each extinction session 


Figure 1. The vertical line at each point repre- 
sents the extent of one average deviation with 
its center placed at the median. There is an 
immediate increase in the number of extinc- 
tion responses, followed by a steady decrease; 
finally, the function maintains a relatively 
low and constant level. 


DISCUSSION 


It is felt that the pooled record of successive 
extinctions is representative of the individual 
records. All Ss reached their maximum peak 
of extinction during sessions 2, 3, or 4 and 
maintained a high rate throughout that 
sequence. Also typical was the rather rapid 
decrease in the number of extinction responses 
from session 4 to 12, with the extinction 
record remaining fairly uniform from that 
point to the end of the series. 

There was no change in the extinction 
records during the last five trials, when the 
occurrence of an extinction session was deter- 
mined by random selection. Thus, the dis- 
crimination was not due to alternate reinforce- 
ment and extinction days, but was on the basis 
of a reinforced lever press. 

The general form of the curve obtained in 
this operant conditioning situation is very 
similar to that of the curves obtained by 
North (5) on position reversal and Gatling (1) 
on black-white discriminations. It will perhaps 


I5 20 25 30 
Sessions | 


be useful to analyze and compare the tasks ' 
required of Ss in these experiments which 
have such similar results. In the revers? | 
learning experiments Ss were required tO 
extinguish a former response and then acquité 
its antagonist. Changes in over-all effec 
could result from either of these processes 
learning or extinction, or both. The present 
investigation indicates that changes in t 
rate of the extinction process follow a very 
similar trend. Thus, any theory dealing W? 
habit reversal could not assume that the 1” 
provement is a result solely of superior leat?” 
ing of the antagonistic response. f 
Hull (3, pp. 114-116) uses the concept ° 
stimulus trace to explain reversal learning 1 
the situation employed by North, and it seem? 
Possible to utilize the same concepts in 
present instance. For the animal, there is n0 
difference in the stimulating situation on 27. 
one day until the completion of the first bar 
pressing act. As a consequent of this act 2”, 
the experimental arrangement, a food pellet 7 
either received or not. Thus, when the bar,’ 
confronted on the second trial, traces of Tee 
forcement or nonreinforcement are E 
present. The experimental procedure is suc 
that on days when traces of reinforcement fiy 
present, further responses will be followed t 
reinforcement, but if these traces are ? PO 
further responding is not reinforced. Henc® 


EXTINCTION DURING REINFORCEMENT-EXTINCTION SESSIONS 


solve the problem, a discrimination on the 
basis of traces of reinforcement or nonrein- 
forcement must be learned. 

Differential traces can be generated only 
after the animal has made the first response. 
It may be assumed that this occurs each day 
as a result of spontaneous recovery, if the 
preceding day has been an extinction day. 

In the beginning of the experiment in- 
creased resistance to extinction occurred, 
which was followed by rapid extinction on 
the nonreinforced days. This successively 
greater increase of resistance to extinction 
during the early sessions could be due to a 
combination of initial rapid gain in .H, of the 
simple bar-pressing habit and a high degree 
of stimulus generalization characteristic of 
early stages of learning. 


SUMMARY 


Nine male rats underwent successive con- 
ditioning and extinction of a bar-pressing 
habit, During conditioning 15 responses were 
reinforced with food pellets. On the following 
day the animals underwent extinction for 1 hr. 
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This sequence of conditioning and extinction 
was continued for 30 sessions. 

There was a sharp increase in the extinction 
responses followed by a definite decrease until 
about session 12. From that point on the 
number of extinction responses during each 
session was relatively low and constant. 

The data were interpreted within a Hullian 
framework, using the concept of differential 
stimulus traces. 
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RESISTANCE TO EXTINCTION OF A RUNNING RESPONSE FOLLOWING 
PARTIAL REINFORCEMENT UNDER WIDELY SPACED TRIALS! 


SOLOMON WEINSTOCK 


Indiana University? 


Various studies of partial reinforcement in 
a runway situation have shown the superior 
resistance to extinction of partially reinforced 
as compared with continuously reinforced 
animals. Hull and Sheffield (4) have proposed 
a hypothesis to account for these results. They 
hypothesize that stimulation from nonrein- 
forced trials persists in a stimulus trace for 
the partially reinforced animals. It becomes 
part of the stimulus complex on subsequent 
trials when the animal receives reinforcement 
and then becomes conditioned to the running 
response. Thus when extinction trials are 
presented, the partially reinforced animals 
will have had stimulus components from non- 
reinforced trials previously conditioned to 
running, while the continuously reinforced 
animals will not. Since the partially rein- 
forced animals will have more of the com- 
ponents of the stimulus complex which occurs 
on an extinction trial conditioned to the 
response, they should prove to be more re- 
sistant to extinction. 

As a test of this hypothesis Sheffield pro- 
posed that animals be given trials that are 
sufficiently widely spaced to permit trace 
stimulation from one trial to die out before 
the next. It would then be absent from the 
stimulus complex on extinction trials for the 
partially reinforced as well as the continu- 
ously reinforced animals. The expectation 
would then be that the continuously rein- 
forced animals would be equally or more 
resistant to extinction, since they would have 
had a larger number of reinforcements than 
the partially reinforced animals. 

The present study was run at an intertrial 
interval of 24 hr. and employed four values of 


1 The author is greatly indebted to Professor W. K- 
Estes for his generous advice and encouragement 
throughout the course of the experiment reported here. 
An abbreviated version of this paper was presented at 
the 1953 meeting of the Midwestern Psychological 
Association in Chicago. 

2 Now SSRC Postdoctoral Research Training Fellow 
at the Laboratory of Social Relations of Harvard 


University. 


the percentage of reinforcement variable, 100, 
80, 50, and 30 per cent. Extinction was then 
run at a 24-hr. intertrial interval. The ex- 
tinction data thus provide a test of the Hull- 
Sheffield hypothesis. 

Further, the 24-hr. intertrial interval was 
chosen as that value of the variable which 
provided the best practical approximation to 
the independent sampling postulates of Estes 
(2) and Bush and Mosteller (1). Since spacing 
does not lead to such complications as chang- 
ing drive levels and cumulative stimulational 
changes which are involved in massing ° 
trials, the spaced-trial results should prove tO 
be quite useful for theoretical purposes. 


METHOD 
Subjects 


Forty-eight hooded rats, 10 females and 38 males 
were used. The Ss were 150 to 180 days old at the star 
of the experiment and were obtained from a loc? 
animal supply house. They had been run previously uU 
a Skinner-box study under water deprivation. 


Apparatus 


The animals were run in a right-turn L-shaped 
enclosed runway. The width and height of the runway 
were both 4 in. throughout. The long arm of the 
consisted of a starting box 814 in. long, and a running 
alley 18 in. long. The short arm of the L was used 25 
goal box and was 22 in. long. The sides of the runway 
were made of plywood and the floor of 14-in. diameter 
brass rods spaced 14 in. apart. Sheet metal trays We" 
placed below the runway but not in contact wit d 
The starting box and the running alley were painte $ 
flat white, the goal box a flat black. The runway ad 
covered with Plexiglas, which was hinge-mounte y 
over the starting box and goal box to permit E 
insertion and removal of the rats. Guillotine 40% 
separated the starting box from the running alley an 


* -sec- 
the running alley from the goal box. Two .0! ADT 
Standard Electric timers were used to obtain late 
and running-time measures. pulb 


Illumination was provided by a clear 200-w D; 
suspended from the ceiling of the experimental roo 
approximately 1 ft. to the right and 6 ft. above | 
starting box. The experimental rgom was soundP" 


Procedure 


Tie animals were put on their feeding 
three days before the first day of acquisition 


of. 


schedule? 
training: 
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The animals were then randomly assigned to experi- 
mental groups, 12 animals to a group. 

The animals were run one trial a day under 23 hr. 
of food deprivation. All animals received reinforcement 
on the first four trials. On the next 70 days they were 
reinforced according to the groups to which they had 
been assigned. The groups received 100, 80, 50, and 30 
per cent reinforcement. Each animal in the partially 
reinforced groups had its nonreinforced trials during 
acquisition assigned randomly by blocks of ten trials. 

On reinforced trials the animals had a Mason jar 
top of wet mash available for 30 sec. from the time 
they entered the goal box. On the first two trials the 
animals were allowed to remain in the goal box until 
they had eaten for 5 sec. if they had not begun to eat 
during the first 25 sec. The jar top was placed touching 
the far wall of the goal box midway between the two 
Side walls. On nonreinforced trials the jar top of wet 
mash was removed from the goal box and placed on a 
platform 2 in. to the rear of the long side of the goal 
box that was more remote from the starting box and 
14 in. above the level of the floor of the goal box. The 
Jar top of wet mash was also placed on the rear platform 
during extinction trials. On all nonreinforced trials 
the animals were left in the goal box for 30 sec. 

The animals were run in the same order each day, 
one cage at a time. Just before its run, each animal was 
Temoved from the home cage and put into the starting 
box. Five seconds later the starting box door was 
y and the two timers were automatically started 
» en the door was fully open. One timer was stopped 
eig. anual Switch when the animal had all paws out 
cn € starting box, providing a latency measure, the 

er when the animal had all paws in the goal box, 
Providing a running-time measure. A stop watch was 
started when the animal entered the goal box, and 
after 30 sec. the animal was removed and returned to 
its home cage. During the 30-sec. period the latency 
and Tunning time were recorded and the apparatus and 
clocks reset. Twenty to 30 min. after running, the 
animals were fed for 14 hr. from Mason jar tops 
Containing wet mash. 

i The animals were reinforced according to schedule 
Or the first 74 days, providing 75 trials for the acqui- 
Sition phase; no animal was reinforced for the last 21 
days, providing 20 trials for the extinction phase. No 
Priori criterion for asymptote was adopted since 
ere was no prior information concerning asymptotic 
e àvior under the conditions of this experiment. Thus 
= point at which extinction was begun was arbitrary. 
` was chosen when the running-time and latency curves 
cemed, to E, to have leveled off. 
Me animals were eliminated during acquisition and 
uring extinction. These eight animals were males. 
these, two animals, one in the 30 per gent group 


Ns one in the 50 per cent group, failed to meet a 


wo 


Eu animals in the 50 per cent group were discarded 
e 


oae d bit E with such tenacity that the latter's 
iot or in prying them loose made them useless for 
T experimentation. Two animals, one in the 100 

pu cent and one in the 80 per cent group, died of 
‘atural causes during acquisition, while two additional 


S-min. criterion on the first trial and were discarded.. 
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TABLE 1 
F Values for the Acquisition Phase* 


ACQUISITION 
TRIALS 6-15 


ACQUISITION 
TRIALS 66-75 


VARIABLE 


Mean reciprocal latency «1 «1 
Mean reciprocal running time 2.12 2.31 


*F's based on 3 and 38 df. F = 2.85 at the .05 level. 


animals, one in the 100 per cent and one in the 50 per 
cent group, died of natural causes during extinction. 


RESULTS 
Acquisition 


The latency and running-time measures 
were converted to reciprocals to satisfy the 
conditions of the analysis of variance. Means 
of the reciprocal measures were taken for 
each animal for trials 6 through 15 and 66 
through 75, and analyses of variance were 
run. The results of these analyses are given 
in Table 1. 

From Figure 1 it may be seen that the 
higher percentage reinforcement groups are 
reasonably well ordered for the first three 
blocks of five trials following the introduction 
of the experimental variable. To avoid repeti- 
tion, only the mean reciprocal running times 
are given. The mean reciprocal latencies show 
approximately the same changes. These dif- 
ferences are not significant at the .05 level. 
Figure 1 also shows an irregular ordering of 
the experimental groups on the mean recip- 
rocal running-time measure during the last 
stages of acquisition, with the differences not 
significant at the .05 level. 


RUNNING TIME 


o—o 100% GROUP 
@--@ 80% GROUP 
&—-8 50% GROUP 
&—-à 30% GROUP 


RECIPROCAL 
o 
3 


MEAN 


5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
TRIALS (IN BLOCKS OF FIVE) 


Fic. 1. Mean 
acquisition 


reciprocal running time during 
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TABLE 2 


F Values and Bartlett Test » Values for the 
Extinction Phase* 


EXTINCTION | EXTINCTION | EXTINCTION 


TRIALS 1-10 |TRIALS 11-20] TRIALS 1-20 
VARIABLE 


Bo P| 2 pus Los 


Mean reciprocal latency) 5.95 |>0.2| 8.78 
Mean reciprocal running 


time 


>0.3 | 8.64>0.8 


8.68 Sasi 14.60| «0.01 10.90|«0.01 


* F's based on 3 and 36 df. F = 4.38 at the .01 level. 


Extinction 


Means of the reciprocal latencies and recip- 
rocal running times were taken for each 
animal for the first 10, second 10, and all 20 
extinction trials, and analyses of variance 
were run on these measures. The results of 
these analyses and the corresponding Bart- 
lett tests are presented in Table 2. 

From Figure 2 it may be seen that extinc- 
tion proceeds in an orderly fashion with the 
smaller percentage reinforcement groups show- 
ing the smaller slopes. Particularly striking is 
the 100 per cent group, which reaches a 
stable, low mean reciprocal value after four 
extinction trials. 

In Table 2 it may be seen that p values at 
or below the .05 value are obtained for the 
Bartlett test for the mean reciprocal running- 
time measure. Thus, it is not known whether 
the significant F’s are to be attributed to 
differences between means of the groups or to 
the nonhomogeneous variances. 

To make an appraisal of the situation, one 
group ata time was dropped from the analy- 
sis in the hope of satisfying Bartlett's test. 


S XO 4 0—o 100% GROUP 

E osd eÑ @— 80% GROUP 
a 4&--5 50% GROUP 

eaf \ 

g 085 0 -. a 4—-4 30% GROUP 

2 or 

5 

z 


RECIPROCAL 


MEAN 


12345267 89 101 12 131415 I6 I7 I8 I9 20 
TRIALS 


Fic. 2. Mean reciprocal running time during 
extinction. The initial, unconnected points are the 
means of the last block of five acquisition trials. 


"stimulation. The last response made P 
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Bartlett’s test gave a p > 0.3 when the 100 
per cent group was dropped from the analysis 
for trials 1 through 10. The resulting F was 
3.45, which is significant at the .05 level. f 

Further, a nonparametric test, Mood’s 
median test (3), was applied to the same set 
of measures and yielded chi squares, with 
3 df, of 16.4, 18.0, and 17.5 for the running- 
time measure for trials 1 to 10, 11 to 20, and 
1 to 20, respectively. All these values are 
significant at the .01 level. Mood states that 
the median test is sensitive mainly to differ- 
ences in central locations. 4 

To obtain further information, an extinc 
tion index was defined as the frequency in 20 . 
trials with, which an animal gave smaller 
running times than twice its median running 
time in the last block of 10 acquisition trials. 
Mood’s median test was then applied to these 
indices and yielded a chi square, with 3 df, 0 
14.8, which is significant at the .01 level. 

In view of these considerations, the author 5 
evaluation is that the differences obtained OP 
the running-time measure during extinctio? 
are largely due to differences in central 100%- 
tion. 

There are two major findings: animals T€ 
ceiving varying percentages of reinforceme? 
arrive at the same final level of responding, 
and animals receiving smaller percentages 3 
reinforcement exhibit greater resistance 
extinction. 


DISCUSSION 


Since the trials were widely spaced in. be 
Present study, the extinction results obt21P 
are not accounted for by the Hull-Shefie 5 
hypothesis. The problem of partial reinfo" ed 
ment, which seemed to be so neatly wraPP 
up by that hypothesis, must be reopened. ity 

The following notions, cast in a contigu pe 
theory framework, seem to the author t° 
able to handle the two major features © ory 
present results. According to contiguity th ine 
the role-of the experimental operation of T 


z B om 
forcement is to remove the animal fr to 
rior 


. . . 1 en 
the termination of the stimulation will th n 
nctlo 


be conditioned. In experimental ext then 
reinforcement is withheld. The anima nich 
makes other, or competing, responses Wion: 
are, in turn, conditioned to the stimu 


EXTINCTION DURING WIDELY SPACED TRIALS 


The result is a decrement in response strength 
of the original response class. So far, this is 
Standard contiguity theory. 

The author goes on to assume that the 
competing responses which the animal makes 
to an empty goal box on a nonreinforced 
trial habituate during the course of a series of 
nonreinforced trials. Thus, partially rein- 
forced animals, which have had some number 
of nonreinforced trials during acquisition, will 
have their competing responses to an empty 
goal box habituated to some relatively low 
level. The competing responses, having 
habituated, will occur with a low frequency, 
and there will be little decrement in the 
Strength of the original response due to the 
Presentation of a nonreinforced trial. 

The decrease in frequency of competing 
Tesponses seems to be visible in the behavior 
of the partially reinforced animals. On early 
Nonreinforced trials they go to the food place, 
find no food, and run about the goal box. On 
later nonreinforced trials the running-about 
behavior has dropped out and the animals re- 
main in the vicinity of the food place. 

Thus, for the partially reinforced animals, 
the Tunning response is built up and main- 
tained by the operation of reinforcement. 
Omission of reinforcement leads to the oc- 
Currence and habituation of competing 
Tesponses made after the animal has run to 
the food place. Late in a series of reinforced 
and nonreinforced trials the amount of decre- 
Ment due to a nonreinforcement is small. 
Thus, the partially reinforced animals should 
achieve almost the same level of responding 
as the continuously reinforced animals. 
sho cording to the notions presented, there 
of = be a direct relation between percentage 
runnin rcement and asymptotic speed of 
would ioe notions advanced, however, 
in final vii to believe that the differences 
should be bear s of the various groups 
Danis ene n view of the small number 
Sout pum in the present study, the result 
bibe na! running levels may be zegarded 

ompatible with the notions advanced. 


The development is easily extended to the“ 


extinction. data. Tf we have a number of 
A reinforcement groups each receiving 
he s total number of trials, there will be 
Tderly variation in the number of nonrein- 
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forced exposures which they have had to the 
goal box. Thus, the lowest percentage rein- 
forcement group will have had the greatest 
number of nonreinforced exposures during the 
acquisition phase, and the highest percentage 
group wil have had the smallest number. 
We should then expect the greatest amount 
of habituation of competing responses to have 
occurred in the group having the smallest 
percentage of reinforcement, or the largest 
number of nonreinforced exposures. 

Due to habituation, then, we should expect 
the least frequent occurrence of competing 
responses to the empty goal box during ex- 
tinction for those animals which have had 
the largest number of nonreinforced trials, 
and the most frequent occurrence of com- 
peting responses for the group that has had 
the smallest number of nonreinforced trials 
during acquisition. That is, the smaller the 
percentage of reinforcement given during 
acquisition, the less behavior competing with 
the running response will occur during ex- 
tinction. Application of the standard con- 
tiguity treatment of extinction then gives the 
desired result of increased resistance to ex- 
tinction by the smaller-percentage-of-rein- 
forcement groups. 

On the other hand, the continuously rein- 
forced group will have had no nonreinforced 
trials. It will have had no chance to habituate 
its competing responses, and they will be at 
their highest strength. Thus, the continuously 
reinforced group will show the greatest dec- 
rement in the strength of the running 
response during extinction. 

As a result, one would expect the orderly 
extinction results which were actually ob- 
tained. The notions developed handle both 
major features of the experimental results. 


SUMMARY 


Forty-eight hooded rats were given ac- 
quisition and extinction of a runway response 
at a 24-hr. intertrial interval under 23 hr. of 
food deprivation. Four groups received 100, 
80, 50, and 30 per cent random reinforcement 
during a 75-day acquisition series. Then all 
groups received a 20-day extinction series. 

For the last ten days of acquisition there 
were no significant group differences in la- 
tency and running time. ] 
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During extinction group differences were 
significant beyond the .01 level, with an in- 
verse relationship between percentage of rein- 
forcement and resistance to extinction. 

In view of the large intertrial interval, the 
extinction results cannot be handled by the 
Hull-Sheffield hypothesis. A modified con- 
tiguity theory was proposed to handle these 
results. It remains possible that both theories 
may be useful in dealing with massed-trial 
experiments. 
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RESPONSE STRENGTH AS A FUNCTION OF REDUCTION IN RATE 
OF SUBGOAL REINFORCEMENT 


C. G. SCREVEN anp T. E. NUNIS 
University of Mississippi 


The present article reports evidence con- 
cerning the energizing effect of an increase in 
the accustomed time interval required to 
Secure marble subgoals in an ordered in- 
Strumental sequence. 

Though not yet well established, the in- 
dication is that interference of goal-directed 
activity (delay, nonreward, blocking, etc.) 
results in some cases in energizing ongoing 
behavior, that is, in increasing its amplitude 
or rate (2, 4, 5). This energizing effect of inter- 
ference frequently is regarded as having 

emotional” or motivational significance, 
though nonemotional interpretations of the 
effects of interference, given present evidence, 
are also possible (1). Apart from the theoretical 
Possibilities, the more immediate problem 
Seems to be the more precise delineation of 
those relevant stimulus properties of inter- 
ference which relate to energizing effects. 

he Present experiment is based on the 
Possibility that the change in the accustomed 
temporal order of events introduced by most 
interference situations may be an important 
Stimulus property affecting response strength. 
Goal-directed activity in which energizing 
effects have been noted usually involves a 
amiliar situation comprising an ordered series 
of previously learned steps which, after learn- 
Ing, take a more or less constant amount of 
time to perform. One might hypothesize that 
the basic difference between ordinary problem 
Solving in its early stages and so-called 

Tustration situations” is this disruption of an 
cuablished temporal sequence in the latter 
ase. As an initial test of this hypothesis, two 
E of children were accustomed to an in- 
thee sequence which differed only in 
Somme of the amount of time required to 
be the sequence. The accustomed time 
the Peel between subgoal reinforcements of 
af the T group was then increased to that 
th ower group and a comparison made of 
i € amplitude of the ongoing behavior of the 
WO groups. 


METHOD 


Subjects 


A total of 23 kindergarten children, 58 to 80 months 
of age, were used as Ss in the present experiment. All 
Ss were taken from the YW-YMCA-supervised kinder- 
garten at the University of Mississippi. There was a 
total of 12 male and 11 female Ss in the sample. 


Apparatus 


The apparatus, similar to that used in an earlier 
experiment on interference (4), consisted of a large box 
on the face of which was a crank, a vertical panel of 
jeweled lights, and a marble dispenser. Turning the 
crank operated a relay which activated the succeeding 
events. A counter relay lit each panel light, one at a 
time, proceeding from the top of the panel downward. 
At the bottom light, a solenoid dispensed a marble into 
a cup. Activation of the counter (and panel light move- 
ment) was controlled by a Hunter Interval Timer, 
which could be set at any desired interval. Movement 
of the panel lights was thus independent of the rate of 
crank turning. 

The crank was connected to a small 10-v. generator, 
which was fed into the sweep pen of an Esterline-Angus 
recording voltmeter. Changes in speed of crank turning 
resulted in changes in voltage output, which was then 
graphically recorded on scaled polygraph paper. This 
change in voltage output thus served as the quantitative 
measure of response strength (speed of crank turning) 
in the present experiment. Future references to the rate 
or speed of crank turning are thus voltage measure- 
ments. Because of the nature of the recording device, 
the most practicable method proved to be the highest 
rate reached over the period of time represented by each 
trial. This is a departure from the measure of crank 
turning used in the earlier studies of Screven (4) and 
Howell (3), where mean number of turns per trial was 
plotted as a function of the experimental variables. 


Procedure 


The Ss were assigned at random to two independent 
groups, an experimental and control, with N’s of 11 
and 12, respectively. Sex distributions were approxi- 
mately equal. Each S completed two sessions admin- 
‘istered on separate days. 

Session I. All Ss were required to turn the crank for 
a total of 15 trials on each of which the panel lights 
moved downward through ten positions and a marble 
was received-and placed in a box at the left of the crank 
apparatus. The Ss were required to turn the crank con- 
tinuously throughout each panel sequence, which de- 
fined each trial. An approximately constant between- 
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e—— D Secs. Per Trial on Day 


e------980 Secs. Per Trial, Days 


_-2-- 


Mean Maximum Speed of Crank-Turning 


8 


9 


10 


Fic. 1. The effect of reduction in rate of subgoa 


trials interval of 30 sec. was maintained by requiring S 
to wait for the sound of a buzzer before beginning the 
next trial. No instructions concerning speed were given. 
Each S was told that when he had put enough marbles 
in the box, a bell would ring, entitling him to choose 
any one of three drawers and keep the prize he found. 
There was a prize in each drawer. 
Experimental and control groups differed on Session 
I in terms of the time required for each successive 
downward movement of the panel light and thus the 
time required to obtain the marble subgoals. For ex- 
perimental Ss the panel lights moved downward every 
2 sec., taking a total of 20 sec. to complete the panel 
and receive a marble. For control Ss, the panel lights 
moved downward every 8 sec., taking a total of 80 sec, 
to receive each marble. After Ss in both groups re- 
ceived a total of 15 marbles, the bell rang and Ss were 
allowed to choose one of the drawers, take their prize, 
and return to the kindergarten. 

Session II. The second and final session followed in 
from one to three days. The procedure was the same 
as in Session I except that the duration of each trial 
was now 80 sec. for both groups (8 sec. per panel light). 
Thus, Session II involved no change for control Ss but 
involved an increase for experimental Ss from 20 sec. 
to 80 sec. required to complete the panel and receive a 
marble. Only seven trials were administered during 
Session II, after which a prize was received as before 
and Ss returned to the kindergarten. 


RESULTS AND DISCUSSION 


Figure 1 shows the mean highest rate 
reached per trial on Sessions I and II for the 
two groups. 


Of primary interest are the differences be- ` 
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1 reinforcement on maximum speed of crank turning 


tween the change and no-change groups at the 
beginning of Session II. The experimenta 
group, for whom trial durations were now 
80 sec., as compared with 20 sec. on the 
previous session, was superior in mean max! 
mum speed for the first two trials. This mean 
maximum speed was similar to the final leve 
of the previous session. The maximum spce 
of the control group Ss, who experienced no 
change from Session I, exhibited a marked drop 
from the final level of the previous sessio?- 
comparison of the two groups in terms of the 
final two Session I trials and the first two 
Session II trials yielded a mean increase en 
1.92 for the experimental group and & mes 
drop of 10.68 for the no-change group; I 
total difference in change from Session 5 
being 12.60 points. A difference this er ; 
would occur by chance less than 1 in 100 tim 
(t = 3.09, df = 21). The initially lower SPE? d 
of turning and “warm-up” period exhibit? 
by the no-change group at the beginning, oe 
Session II is consistent with earlier pa 
studies involving separations of a day or ™° 
between sessions. From Figure 1 it 
evident that the initial differences b 
the groups disappeared with continue 
under the 80-sec. condition. 

Yn accordance with original expe 
these results suggest that the increase 
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accustomed trial duration did temporarily 
energize ongoing response strength as measured 
by maximum speed of crank turning. Since 
maximum speed of turning per trial was the 
only measure used, the present results do not 
indicate whether this effect was a gross in- 
crease in over-all rate of turning or a sporadic 
effect leading only to occasional bursts of 
greater strength. 

In Figure 1, control Ss turned at a higher 
maximum speed during Session I than ex- 
perimental Ss. However, statistical analysis 
revealed that these apparent differences be- 
tween the two groups were not greater than 
Chance expectation. 


SUMMARY 


Two groups of kindergarten children were 
accustomed to an instrumental sequence in- 
volving the continuous turning of a crank for 
marble tokens which could be exchanged for a 
Prize (Session I). The two groups differed as to 
the amount of time required to complete each 
Sequence and receive a marble. On Session II 
a different day), the accustomed time of the 
faster group (20 sec. per marble) was increased 
to that of the slower group (80 sec. per marble), 
Who experienced no change. The mean maxi- 
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mum turning speed for the final two trials of 
Session I was compared with the first two trials 
of Session II. 

The no-change group showed a marked drop 
in speed from the final maximum speed of the 
previous session followed by a gradual “warm- 
up" to the level of the previous session. The 
change group showed no such drop in max- 
imum speed. A difference as large as the one 
obtained between the two groups would occur 
by chance less than 1 in 100 times. This result 
was interpreted as suggesting an energizing 
effect of change in accustomed rate of subgoal 
reinforcement. 
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EFFECT OF EARLY SOCIAL EXP 
BEHAVIOR IN 


JOHN A. KING anp 


ERIENCE ON ADULT AGGRESSIVE 
C57BL/10 MICE! 


NANCY L. GURNEY? 


Division of Behavior Studies, R. B. Jackson Memorial Laboratory 


Variations in the early physical and social 
experience of young animals may have im- 
mediate effects on the young, later effects 
upon mature animals, or both. Although this 
is not a surprising fact, it is the aim of many 
investigators to ascertain the specific kind of 
early experience that affects a particular adult 
pattern of behavior. For example, Griffiths and 
Stringer (5) found that intense stimulation 
(shock, cold, noise, etc.) administered to rats 
during their first 21 days of life had no effect 
on maze learning and emotionality at maturity. 
Bingham and Griffiths (2) found that varia- 
tions in the physical environment of young 
rats did influence their adult performance in 
the Warner-Warden maze. Similar investiga- 
tions have been made to evaluate the effect 
of early social experience. Ross (9) found that 
puppies deprived of their mother tended to 
exhibit excessive  nonnutritional sucking. 
Beach (1) reported that male rats raised in 
isolation were more active sexually than males 
raised with females or with other males. Scott 
(10) observed that lambs isolated from the 
flock never became thoroughly integrated 
into it as adults. Kahn (7) found that male 
mice raised in isolation from weaning were 
more aggressive than males raised with their 
mothers. Fredericson (4) found that mice 
taught to compete for food before 35 days of 
age fought over food when 72 days old, 
whereas controls wi thout the early competitive 
training did not fight. Although the physical 
variables, such as shock treatment _and 
standard rearing cages, In the early environ- 
ment of young animals have been rigidly con- 
trolled and precise physical tests have been 
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part by research grant MH123 from the National In- 
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used to measure their adult behavior, these are 
frequently more difficult for studying the 
effects of early social experience. One aim of 
this study was to control carefully the early 
Social experience of mice, and later to subject 
the animals to a precise social test. 

The early social experience that was varied 
in this study was association with siblings, 
because we believed this would influence their 
aggressive behavior as adults. Aggressive 
behavior is defined here as the readiness to 
initiate a vigorous fight. Animals raised in à 
group probably compete occasionally for food, 
water, and space. Although this competition 
may not be expressed in overt aggression, the 
early competitive training should make them 
more ready to fight than animals raised in 
isolation and lacking this competitive training 
This attempt to explain the possible effects of 
early experience on adult aggressive behavior 
has little in common with the suggestion that 
early isolation and maternal deprivation create 
frustration leading to aggression (7). The 
amount of competitive training an animal re- 
ceives in its early life could vary, depending 
upon the nature of the group with which it 
associates. Since males are more aggressive 
toward other males than they are towar 
females (11), males raised with females shoul 
have less opportunity to learn aggressiveness 
than males raised with males. 

The purpose of this paper, then, is to test 
the general idea that an animal’s early soci? 
experiences significantly affect his social Þe- 
havior as an adult. The two specific hypothes¢® 
adopted were: (a) that male mice raised t 
gether show more aggressive behavior whe? 
mature than those raised alone, and (b) th 
male mics raised with females show less 487 
gressive behavior when mature than males 
raised with other males. 


METHOD " 
Subjects 


The mice used in this study were C57BL/10 males, 
A total of 70 males was used, divided into three minn 
Groub I. Twenty-four males were isolated at 20 
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of age and raised without any contact with other ani- 
mals until placed in the testing situation at 107 to 112 
days of age. 

Group M. Thirty-four males were separated from 
their mothers and all female siblings at 20 days of age 
and raised with only their fathers and male siblings 
until 45 days of age, at which time they were isolated 
until placed in the test situation at 105 to 115 days of 
age. 

Group F. Twelve males were separated from their 
mothers, fathers, and all male siblings at 20 days of age 
and raised with only their female siblings until 45 days 
of age, at which time they were isolated until placed in 
the test situation at 107 to 114 days of age. 

None of the individuals in the three groups had con- 
tact with its mother after 20 days of age. Thus, any 
effects of weaning and nutrition from the mother were 
eliminated. The fathers were left with group M mice in 
order to increase the number of male associations of the 
experimental mice. It is possible that the fathers are 
more antagonistic toward their offspring than the litter- 
mates are among themselves. If the young were at- 
tacked by a superior fighter, such as their father, they 
Should learn to be defensive and to inhibit fighting re- 
Sponses, However, it is unlikely that serious conflicts 
develop between father and offspring before 45 days 
of age, 

Since the number of young varies from litter to litter, 
Me males raised with males (group M) were exposed to 
bos ther and at least. one other sibling and not more 
( five other siblings. Males raised with females 
group F) associated with two to five female siblings. 
oa aa the tests, the animals were not paired with any 
id nce to the number of animals with which they 
his raised. It is possible that the number of animals 

Sed together has some effect on their later behavior; 
ie ee this uncontrolled variable could not affect 

€ hypotheses. 


Apparatus 


The mice were fought in boxes similar to those in 
Which they were raised, except that the partition sepa- 
rating the two 12-in. by 6-in. by 6-in. living cages was 
removed, thus doubling the size during each trial. 


Procedure 


A uu: days before being tested the mice within each 
p i ere paired with other members of their group in 
E: ad ing boxes. Only one pair in group M consisted 
For x ee pairs were composed of total strangers. 
ach ead of ten consecutive days, individuals of 
E € rw ae exposed to each other for a maximum of 
Pala: day by removing the partition which 
Ese m The principal measure of aggressive 

d = in this experiment was the fighting re- 
Poma ency (3), which is taken as the elapsed time 

til the & SERERE when the partition was removed un- 
ater i» vigorous fight began. As soon as the pair 
Bartiion 2m they were separated by replacing the 
omina jt was done to prevent the development of 
a ee ac ter each pair had ten trials, individuals 
ner E a P were paired with individuals of another 
P. ese mixed pairs were allowed to fight until 
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Fic. 1. Scatter diagram of fighting response latencies 
for groups I and M, with curves of the median re- 
sponse latencies for groups I, M, and F 


one became dominant over the other. We believed that 
this test of dominance afforded an additional measure 
of aggressive behavior, although the mice were no 
longer naive to the experimental situation. 


RESULTS 


A scatter diagram showing the response 
latency during ten trials for each pair in groups 
I and M and a curve showing the median 
score for groups I, M, and F are shown in 
Figure 1. It can be seen from this diagram 
that the distribution is not normal; instead, 
the highest concentrations of latencies are at 
the 5-min. and below the 0.5-min. level. The 
median illustrates the differences between the 
groups better than the mean, and a non- 
parametric test (8) was employed to ascertain 
the differences between the groups. In con- 
trasting groups I and M, each trial showed that 

roup I mice are significantly (p = .01) slower 
to fight than group M mice except for the 
fourth trial, in which the difference between 
the two groups was at the .05 level of prob- 
ability. When all the trials of each pair were 
combined, the aggressive behavior as measured 
by the fighting response latency of group M 
was significantly (p = 001) greater than that 
of group I. 

The small number of pairs (V = 6) in group 
F does not permit such rigid conclusions. 
However, group F animals were significantly 
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more ready to fight (p = .007) than group I 
animals, but not significantly different (6 = 
.26) from group M animals. Although the 
differences between groups M and F are not 
significant, in each of the ten trials group F 
animals tended to be slower to enter combat 
than group M animals. Study of additional 
pairs may indicate a significant difference 
between groups M and F. 

The slope of the curve suggests that the mice 
learned to fight; those in groups M and F 
learned to fight much more rapidly than those 
in group I. Two pairs in group I failed to fight 
during any of the ten 5-min. trials, and two 
others fought only twice. Group I mice fought 
only 14 trials out of 120 (12 per cent) in less 
than a minute, while group M. mice fought 109 
trials out of 170 (64 per cent) in less than a 
minute. Frequently, after the first combat, 
group M mice would leap at each other and 
immediately begin a vicious fight in succeeding 
trials. In contrast, group I mice usually nosed 
and groomed each other for several minutes 
before they worked themselves into a fight. 
Only in the last four pairs of group I mice 
tested was there a tendency to behave like 
the group M mice during the test. The differ- 
ence between group I mice tested earlier and 
the last four pairs tested may have been the 
result of noisy construction going on inside 
the laboratory. It is possible that the noise 
upset the mice and made them more irritable. 

When group I and M mice were paired and 
allowed to fight until dominance was estab- 
lished, group M mice won 17 out of 23 en- 
counters (74 per cent), which again suggests 
that group M mice were more aggressive than 
group I mice. Since it is possible that some of 
the mice established dominance in some of the 
intragroup fights, and since the mice in group 
M had more experience in fighting, the results 
of these intergroup fights are not conclusive. 


DISCUSSION 


The results of this experiment clearly sup- 
port the hypotheses that early social associa- 
tions may affect adult social behavior and that 
males raised with males tend to be more ag- 
gressive than males raised in isolation. How- 
ever, they do not support the hypothesis that 
males raised with males tend to be more ag- 
gressive than males raised with females. 
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Males raised with males and males raised with 
females are more like each other than either 
is like males raised in isolation. 

Many types of early experience have a last- 
ing effect upon the adult behavior of an animal. 
Some types of experiences are more important 
in shaping later behavior than others. For 
example, Hymovitch (6) found that the nature 
of the early perceptual environment was in- 
fluential in determining later adult learning, 
while Griffiths and Stringer (5) found that 
intense stimulation during infancy did not 
affect adult learning. In all such experiments 
it is necessary to find the cause and effect 
relationship between the early experience and 
the adult behavior. Once this relationship 1$ 
discovered, it is, essential to learn the nature 
of this relationship. i 

In the study reported here, a relationship 
was found between early social associations 
and adult aggressive behavior. We then know 
that early social experience is important tO 
the adult behavior in respect to aggressive 
tendencies. The specific hypotheses attempt 
to explain the nature of this relationship. 

There are two explanations which may de- 
Scribe how the early social contacts may affect 
adult aggressive behavior. One explanation of 
this relationship is centered about the early 
learning of aggression and the other about the 
adults’ reaction to the new or strange. These 
two explanations are not radically opposed; 
one stresses the learning to fight, while the 
other stresses only the learning to recognize 
another individual. 

The possibility that the animals learn 48° 
gression through their early social contacts 
has much in its favor, but does not adequately 
explain all the observations. Although animats 
raised together in a litter rarely engage Me 
serious fights, particularly before 45 days ? 
age (12), there are many opportunities for 
competition to arise. They may push eC? 
other away from food or water, they ™#Y 
shove each other around while huddlin8 
together, or one may be more active in groom” 
ing or nosing another. No overt aggression may 
be displayed, but through the frequent COP" 
petition among the members of the society ® 
latent learning of aggression may occur. When 
the. adult individuals are then placed 1? s 
situation which usually produces aggression 
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the animals which have these early competi- 
tive experiences are more ready to enter a 
fight than others lacking these early experi- 
ences. The curve of response latency against 
trials, which so closely resembles a learning 
curve, shows that after one trial the animals 
learn to perform their aggressive acts much 
more rapidly than those deprived of the early 
experiences and suggests that latent learning 
has occurred. This is also suggested by the 
Similarity in the curves of group M and F 
animals, Males fight females only when 
trained, so the males raised with females 
probably never learned to fight, but many have 
competed with the females for food, water, or 
space. 

Instead of learning competition and ag- 
gression from their early social associations, 
the alternative explanation suggests that the 
mice merely learn what another mouse is, 
so when confronted with another mouse for 
the first time, it is not entirely strange. If the 
mice are entirely new to each other, innate 
aggression is inhibited while the animals 
investigate each other. Although it has not 
been systematically tested, any new or strange 
Situation tends to inhibit aggression. Strange 
boxes, removal of the cage lids, even changes 
In the intensity of lighting may inhibit fight- 
ing. Furthermore, the novelty of a situation 
may have additive effect in inhibiting the 
fighting response. A new box, similar to the 
old box, may have less inhibitory effects than 
a new and different type of box. In our test 
Situation, one half of the fighting box was 
always new to each mouse, at least during the 
first trial. This new and enlarged cage and the 
Other strange mouse seem to inhibit aggressive 

ehavior during the first trial. However, the 

Other mouse is not as strange to animals of 
groups M and F, who had lived with other 
rw 65 days prior to the test, as it is to group 
animals, whose last contact with other mice 

cm at weaning, 90 days prior to the test. 
zen. ently; the group M and F animals 
es: less exploration and getting acquainted 
fanis group I mice. Once they become 
is icm with the Strange mouse, aggression 
Grou IE inhibited and fighting occurs. 
P I mice take longer to investigate ‘the 


s : 
trange mouse, they groom and nose him fre- 
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quently, and finally, when they are no longer 
new to each other, they fight. 

Both explanations appear to satisfy the 
results; however, before either is accepted or 
both are rejected, further tests of the relation- 
ship between early social associations and 
adult aggressive behavior must be made. The 
present experiment only permits us to conclude 
that such a relationship does exist. 


SUMMARY 


1. One general and two specific hypotheses 
were tested in this experiment: that an ani- 
mal's early social experience affects his social 
behavior as an adult; and, specifically, that 
(a) male mice raised with other male mice 
show more aggressive behavior than males 
raised in isolation, and (b) male mice raised 
with males show more aggressive behavior 
than males raised with females. 

2. Three groups of C57BL/10 mice with 
different early social associations were tested 
for adult aggressive behavior: group 1—24 
males raised in isolation from 20 to 107-114 
days of age; group M—35 males raised with 
males from 20 to 45 days and then isolated 
until 107 to 115 days of age; and group r—12 
males raised with females from 20 to 45 days 
and then isolated until 108 to 112 days of age. 

3. When tested for adult aggressive behavior 
at 107 to 115 days of age by the Fredericson 
response latency test, group I mice were found 
to be significantly (6 = .001) less aggressive 
than group M and F mice. These results sup- 
port the general and the first specific hy- 
pothesis. Group M mice were not significantly 
different (p = .26) from group F mice, which 
does not support the second specific hypothesis. 

4. Two explanations for the relation be- 
tween early social associations and adult 
aggressive behavior are given. One explanation 
suggests that there is a latent learning of ag- 
gression through the competitive associations 
of mice raised in groups. This learning makes 
the animals raised in groups more ready to 
fight than those raised in isolation. The al- 
ternative explanation suggests that the innate 
tendency „for aggressiveness is inhibited in 
direct proportion to the strangeness of the 
situation. Animals without early social as- 
sociations are more strange to each other than 
those with early social associations and are, 
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therefore, more inhibited in a potential fight- 
ing situation. 
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THE EFFECT OF EARLY PERCEPTUAL LEARNING ON THE BEHAVIORAL 
ORGANIZATION OF ADULT RATS! 


RONALD HENRY FORGUS: 
Cornell University 


This study was concerned with determining 
the effects of visual and proprioceptive ex- 
periences, during the early life of rats, on their 
emotional, perceptual, and problem-solving 
behavior at adulthood. The problem arose out 
of the work of Hebb and his associates (3, 4, 
5, 6). Hebb has suggested that the organization 
of adult behavior is largely determined by the 
quality of infant experience and learning (4). 
This early learning is so important because it 
Produces permanent changes in the structure 
of the central nervous system, primarily the 
cerebral cortex (5). 

The brief history of research in this area 
was summarized by Hymovitch (6), who found 
that rats reared in a complex free environment 
were significantly superior in problem-solving 
ability, as measured by the Hebb-Williams 
test, to those reared in a restricted environ- 
Ment. The complex free environment was a 
large box containing a number of “play- 
things” (small metal and wooden structures), 
which enabled the rats to have a variety of 
experience. He also placed in this box a number 
of small mesh cages in which smaller groups 
of rats were reared. The mesh cages were 
Periodically moved from place to place both 
inside and outside the box. The problem- 
Solving behavior of these rats, as adults, was 
as good as that of the animals reared in the 
entire box. In a similar study Forgays and 
"orgays (3) reported, among other facts, that 
the rats reared in mesh cages were inferior, 
problem-solving behavior, to animals 
ane in a large, complex free environment. 

Ithough these two sets of results are some- 
ig inconsistent, both authors concluded 
Bos early perceptual experience or learning 

emed to play a dominant role in determining 
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problem-solving abilities of adult rats. The 
importance of proprioceptive experience or 
learning, however, could not be clearly ascer- 
tained, since the two findings were different 
in this connection. 

The present study was undertaken for 
two reasons: (a) to determine the relative 
effects of infant visual and proprioceptive ex- 
periences on the cognitive behavior of mature 
rats, by controlling these two infant experi- 
ences more adequately than in the previous 
studies; and (b) to ascertain the generality of 
the reported differences, by using criteria other 
than “intelligence” tests. 


GENERAL DESIGN 


Three groups of male hooded rats, weaned at ap- 
proximately 24 days of age, were reared under different 
conditions? until they were 84 days old. Each group con- 
sisted of 14 rats. 


Rearing 


Group 1. These rats constituted the "complex visual- 
proprioceptive” group. They were reared in an environ- 
ment which provided extensive opportunity for visual 
and proprioceptive experience. The apparatus was a 
large plywood box 4 ft. long, 4 ft. wide, and 16 in. high 
with 14-in.-grill cover and 14-in.-grill floor. The walls 
were painted a flat black. A large number of white 
objects, such as blocks, alleys, tunnels, elevated plat- 
forms, and inclined planes, were distributed around the 
sides of the cage, within 1314 in. from the walls. These 
objects were similar to the structures previously re- 
ported (3, 6). Since these rats were permitted to fraverse 
and sec this well-articulated environment, they had 
much opportunity for varied proprioceptive and visual 
experience. 

Group 2. These animals were called the “complex 
visual but minimum proprioceptive” group. They were 
reared in a box similar to that which housed group 1. 
However, they were only permitted to live in the inner 
441 sq. in. of their cage. This was accomplished by in- 
serting a glass cage 21 in. long, 21 in. wide, and 16 in. 
high inside a large box, identical to cage 1. These ani- 
mals had a complex visual environment because they 
could see a.well-articulated environment. But, since 
they were not permitted to traverse the objects, there 
was little opportunity for proprioceptive feedback from 
the objects they saw. It is quite clear that, relative to 


3 photographs of the three environments are pre- 
sented in the filed dissertation, previously cited. 
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group 1, group 2 had minimum proprioceptive experi- 
ence although their visual experience was presumably 
as complex. 

Group 3. This was the “minimum visual-propriocep- 
tive” group. They were reared in a small black box 21 
in. long, 21 in. wide, and 16 in. high with J4-in.-grill top 
and 14-in.-grill floor. This cage was free of all furnish- 
ings. In comparison with groups 1 and 2, these rats had 
minimum opportunity for proprioceptive and visual 
experience. 

Each cage had very good illumination provided by 
standard fluorescent lamps located above each cage. An 
extra lamp with a 100-w. daylight bulb was placed over 
cage 3 to compensate for the lower reflecting surface of 
that cage. From this description it can be seen that 
differences in illumination per se among the three cages 
were almost certainly negligible. Although other experi- 
ential differences, such as cutaneous experiences, prob- 
ably existed, our main concern was to vary visual- 
proprioceptive experience with inanimate stimuli, 
while controlling other factors that might influence the 
animals’ behavior on our tests. 

The three groups were treated alike in all other re- 
spects. The lights were turned off at night. Food and 
water were located in the center of each cage. All rats 
were handled twice a month when their cages were 
cleaned. 

During periodic day and night observations striking 
differences in behavior were noticed among the three 
groups. Group 1 animals were most active and would 
often run to more secluded areas, such as under a tunnel, 
when E approached the cage. Group 2animals were less 
active. However, they frequently attempted, in vain, 
to scale the glass walls which separated them from the 
white objects. Group 3 animals, the least active of all, 
would usually hug the sides of the cage. The distribu- 
tion of feces in the different pans verified these obser- 
vations. 

After they had lived in these different environments 
for 60 days, all the rats were transferred to smaller 
laboratory cages 18 in. long, 12 in. wide, and 10 in. high. 
Since two rats had died in each group, we were left with 
12 animals per group. Six animals were placed in each 
of six laboratory cages. 

The next day, when the rats were approximately 85 
days old, a 2314-hr. food-deprivation schedule, which 
lasted 7 days, was begun. The rats were fed wet Purina 
mash for 30 min. daily. During this week they were also 
handled extensively. At the conclusion of this depriva- 
tion schedule, three series of experiments were per- 
formed. All daily tests were run after a 23}4-hr. food- 
deprivation period. 


EXPERIMENT I 


Procedure 


The apparatus, an elevated maze, is shown in Figure 
1. The stem was 18 in. long, and the four arms were 16 
in. long and 4 in. wide. The maze was made of un- 
painted pine wood. The rat could enter any of the four 
goal boxes by easily pushing open a vertically suspended 
black door. There was wet Purina mash in each of the 
four goal boxes. 
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Fic. 1. Floor plan of maze used in Experiment I. S— 
starting box; g—goal boxes; ===—sliding door; = — 
swinging doors. (For further explanations see text.) 


During the first.day of this experiment, the rat was 
placed in the starting box and permitted to explore the 
maze for 7 min. If S entered a goal box, it was per- 
mitted to nibble at the food for 15 sec. and was then 
returned to the starting box. This sequence was Te- 
peated until the 7 min. had elapsed. 

Three sets of scores were recorded: (a) the latency of 
the first response, i.e., the time that elapsed before the 
rat left the starting box; (b) an activity score, i.e., the 
number of 16-in. units traversed during this T-min. 
period, and (c) an emotionality score, i.e., the number of 
defecations during the same period. 

On the second day a test of variability of behavior was 
begun. In this test, the rat was given 20 trials—2 on the 
first day, 3 on the second day, and 5 on the third, 
fourth, and fifth days. Food was available in each of the 
four goal boxes. The path chosen on each trial was 
recorded. The criterion of variability was the number 
of times the animal chose a different path on successive 
trials. Since there were 20 trials, the maximum varia- 
bility score was 19. K 


Results 


The results of Experiment I are presented E. 
Table 1. After the analysis of variance was peT- 
formed for each subtest, we utilized Tukey’s 
technique (10) to determine whether the 
differences between pairs of means were 
significant. It is quite clear, from a comparison 
of the values in the last row of Table 1 and the 
respective mean differences, that there were no 
significant differences, at the .01 level, betwee? 
the complex visual-proprioceptive group 
(group 1) and the complex visual but minimum 
proprioceptive group (group 2) on these tests. 
These two groups could therefore be considere 
as coming from the same population. 


h 


zA 
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EFFECTS OF EARLY EXPERIENCE 


TABLE 1 


Analyses of Variance between the Means Obtained for 
the Three Groups on the Latency, Activity, 
Emotionality, and Variability Tests 


" " EMOTION- VARIA- 
GROU 5 LATENCY*| ACTIVITY ALITY BILITY 
Mean’ SD | Mean| SD | Mean| SD | Mean| SD 
1 12 | 0.89 |0.44| 26.08| 12.22| 1.04 |1.24) 15.672. 84 
2 12 | 1.06 |0.28| 25.25| 9.67| 1.08 |1.28| 15.08/3.05 
3 12 | 1.91 |0.41| 8.17| 10.94| 2.83 |0.99 9.33.10 
F 25.74 10.14 9.08 13.77 
APR «0.000 | «0.00) | «0.001 | «0.001 
Required dif. 0.245 7.5 0.79 2.47 
between pairs 
of means 


* Transferred to logarithmic units. 


Combined group (1 and 2) was clearly superior 
to the minimum visual-proprioceptive group 
(group 3). 


EXPERIMENT II 


Before these series of tests were begun, the animals 
Were permitted three days without tests, during which 
time food was always available in their cages. On the 
fourth day a series of visual form-discrimination tests 
Was started. 


Procedure 


We used an elevated visual discrimination apparatus, 
Tesembling the one described by Brown and Ghiselli (1), 
With the exception that we used four units and elimi- 
Dated the shock. The entire apparatus was 92 in. long 
and the width of the runway was 4 in. The rat was 
Placed in the starting box and ran to the bifurcation 
Jom which it was to make its choice. If S chose the 

Correct” form, it could push through the one-way door 
Very easily. The incorrect choice led to a door which 
Was held closed by a latch. The discrimination cards 
Be fitted directly on the door. There were four pos- 

ible errors in any one trial. The correction method was 
Used and back-tracing was not scored an error. After 

€ fourth correct choice on each trial the rat was per- 
Pe to nibble Purina mash in the goal box for 15 
disc This apparatus was designed to foster rapid form 
Wan aration and generalization. This was done by 
wh pum units, fitting the cards on the door through 
aera the rat entered the next unit, and keeping the 

Gan the forms within the rat’s visual angle from the 
Soe point (cf. 8). That our anticipation was 

inte ed is shown by the fact that we obtained imme- 

e ca Eeneralization to forms rotated 90°, especially in 
Fiel E groups 1 and 2 (see Tables 3 and 4), although 
diffu, could only achieve the same result with great 
T following three tests were performed using this 

> mination apparatus: 
ia orm discrimination. The animals were given tour 
5 per day. All forms were white on a black back- 
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TABLE 2 


Analysis of Variance of the Distribution of Errors 
Obtained from the Form-Discrimination Test 


STATISTIC GROUP 1 GROUP 2 Group 3 
Mean 35.00 25.08 92.50 
SD 3.54 5.30 6.64 
F 562.99 

TABLE 3 


Comparison of the Error Scores Obtained from the 
Form-Generalization Test 


STATISTIC GROUP 1 Group 2 GROUP 3 
N 12 12 12 
Mean 0.83 0.75 10.17 
SD 0.85 0.87 1.12 


ground. For half the animals in each group a triangle 
with apex upright was the positive form; for the other 
half a U was the positive form. A circle was the negative 
form for all animals. The forms were equated as nearly 
as possible for size. The criterion of learning was 9/10 
errorless trials. 

Form generalisation. After the animals had success- 
fully learned to make the discrimination, the forms were 
rotated clockwise through 90°. The number of errors the 
rat made in 20 trials was recorded. 

Form generalization with a new negative form. Since 
the results of the second test might merely have indi- 
cated that the animal was avoiding the negative figure, 
the forms were rotated clockwise through 90°, using a 
new negative form. The new negative form was a U for 
the animals for which the triangle was positive, and a 
triangle for the remaining animals. Again, the number 
of errors in 20 trials was recorded. One rat in group 2 
died before this test was completed. 


Results 


The results of the form-discrimination test 
are presented in Table 2. Group 2 was superior 
to group 1, which, in turn, was superior to 
group 3. These differences are significant at 
the .01 level (p < .001; required difference 
between pair of means for significance at the 
01 level, based on Tukey's analysis, 3.51). 

The results of the form-generalization test 
are shown in Table 3. Since Bartlett’s analysis 
indicated that the variances of the three 
groups were not homogeneous, we could not 
perform an analysis of variance. The / ratio 
obtained from a comparison of the means of 
groups 1 and 2 was not significant (p > .1), 
allowing us to combine groups 1 and 2, which 
combination was clearly superior to group 3 
(p < .001). 
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TABLE 4 


Comparison of the Errors Made in Form Generaliza- 
tion with the New Negative Form 


STATISTIC croup 1 GROUP 2 Group 3 
N 12 il 12 
Mean 7.08 4 20.83 
SD 4.88 4.62 4.59 


Although the mean errors per group were 
larger for the form-generalization test with a 
new negative form, the trend was similar to 
that of the previous test, as can be seen from 
an inspection of Table 4. Again, there was no 
significant difference between the means of 
groups 1 and 2 (p > .1). Groups 1 and 2 
combined were superior to group 3 (p < .001). 


EXPERIMENT III 


Before this experiment was begun the animals were 
permitted to rest for seven days without tests. 


Procedure 


A technique similar to the one Maier (9) used in his 
reasoning tests was employed for this test of spatial 
problem-solving ability. The apparatus consisted of a 
number of open elevated platforms 4 in. wide. 

The rat was first placed at a point where it could see 
the food through a glass barrier. This was position S. 
The animal was then permitted to go to position B by 
running away from the glass and making three left 
turns, traversing 95 in. in all. This constituted experi- 
ence 1. The animal was removed from the maze and 
replaced at position B 30 sec. later, and allowed to go to 
the goal box by running straight forward and then mak- 
ing a left turn, covering a total distance of 39 in. This 
was experience 2. 

The third and critical trial was given to determine 
whether the animal “grasped” the spatial relationships 
which would enable it to select a much shorter path to 
the goal by taking a diagonal route from the second 
turning point, or whether it would merely combine 
experience 1 and 2 and take the Jong path to the goal. 
The distance to the goal via the short path was 66 in., 
whereas it was 134 in. via the long path. The number of 
animals in each group which took the short path on the 
critical trial was recorded. 


Results 

Ten of the 12 animals in group 1, 9 of the 11 
animals in group 2, and 2 of the 12 animals in 
group 3 chose the short path on the critical 
trial. 

A chi-square test comparing groups 1 and 2 
was not significant, but the chi-square value 
comparing the frequencies of combined groups 
1 and 2 and group 3 was significant (p < .001). ° 
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Tt was concluded that the animals that had the 
complex visual environment were clearly 
superior, in spatial problem solving, to the 
animals that had a simple visual environment. 

At the conclusion of the research, the rats 
were approximately 131 days old. The weight 
records showed that the average losses and 
gains were similar for all three groups. 
Throughout the course of the experiment the 
rats’ diet was supplemented by lettuce and 
vitamins and they appeared healthy through- 
out the experiment. 


DISCUSSION 


The following conclusions may be drawn 
from the results: 

1. The four tests of Experiment I did not 
detect any differences between groups 1 and 2. 
The combined group (groups 1 and 2) was 
clearly superior, by these criteria, to group 3; 
i.e., they responded earlier, were more active, 
defecated less frequently, and displayed 
greater variability of behavior when place 
in a novel situation (an elevated maze). It is 
supposed that the performance on these tests 
was largely affected by the degree of insecurity 
generated in an unfamiliar environment. It is 
reasonable to infer that a rich visual experience 
during infancy is a positive factor in developing 
adaptive behavior since the greatest common 
factor in the early environments of groups 1 
and 2 was, presumably, the complex visual 
field. 

2. Group 2 learned to discriminate the visual 
forms faster than group 1, which, in turn, ha 
a faster learning rate than group 3. There were 
also no differences between groups 1 and 2 on 
the form-generalization test. Once again com 
bined groups 1 and 2 were superior to groUP >”: 

3. The combined visual group (groups 1 and 
2) was superior to the impoverished visu? 
group (group 3) on the spatial problem- 
solving test. Once again, no difference Wa5 
detected between the animals which Pre 
sumably had had much opportunity for pro 
priocepti;e experience (group 1) and those 
which had had relatively less opportunity for 
proprioceptive experience (group 2). 

We will confine our discussion to an inter- 
pretation of the two most important findings- 
Te first finding is that the animals of groups 
1 and 2, which were reared under similar condi- 
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tions (especially with respect to visual ex- 
perience), behave in similar ways. The animals 
of group 3, reared under dissimilar conditions of 
breadth of visual experience, were “inferior” 
to groups 1 and 2 on emotionality, discrimina- 
tion, and problem-solving tests. From these 
findings we may draw two reasonable interpre- 
tations. First, the differences in experience 
apparently produced differences in the emo- 
tionality of the two groups (1 plus 2 vs. 3). 
It would seem that the restricted visual ex- 
perience of group 3 was at least partly respon- 
sible for the “insecurity” of these animals 
when they were placed in our open-test condi- 
tions. Their emotional behavior probably also 
influenced their performance on the other tests. 
The difference in visual experience, pre- 
sumably, produced differences in discrimina- 
tion and problem-solving behavior also. This 
difference is readily attributable to differences 
in perceptual learning during their develop- 
ment. This is in keeping with previous findings 
and interpretations (3, 4, 6). 

The second fact which must be discussed is 
the reported difference between groups 1 and 2 
in the rate of learning to discriminate visual 
forms. The author feels that this is an im- 
portant finding, especially since there was 
very little overlap in the error scores; i.e., 
most of the animals in group 2 made fewer 
errors to reach the criterion than the animals 
1n group 1. 

In his early work Krechevsky (7) claimed 
that an animal exhibits specific “hypotheses” 
during the presolution period of a problem 
situation, In a subsequent paper Witkin (11) 
criticized Krechevsky, pointing out that it is 
only in "insoluble" problems that these 

hypotheses" are exhibited. Witkin does, 

Owever, state that animals do adopt syste- 
Matic responses in problem-solving behavior, 
especially when the situation is well differenti- 
ated. “The systematic responses by each ani- 
mal seem to represent rather stable preferences 
of that animal. Apparently each rat demon- 
Strates a number of such preferences or 
reaction sets’ ”? (11, p. 336, italics mine). It is 
Precisely this notion of “reaction set” whith 
be. wish to develop here. The form-discrimina- 

lon test consisted of an open-field situation. 
um were many possible ways of attempting 
iow ve the problem; i.e., many differentstimuli 

impinging upon the organism, many of 
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them irrelevant to the problem. We knew 
further that form discrimination is very 
difficult and artificial for the rat. We would 
thus argue that, since group 2 animals were 
physically, but not visually, restricted during 
their development, there was a greater tend- 
ency that visual stimuli would be perceptually 
prominent (cf. 11, p. 335) for them. Since group 
1 animals had a much freer exploratory ex- 
perience during development, it seems very 
reasonable to expect that other stimuli (e.g., 
kinesthetic) were also perceptually prominent 
for them. It is the time it took to eliminate 
these incorrect perceptual responses which 
would account for the longer time it took 
group 1 animals in the form-discrimination 
test. We wish to stress that it was not that one 
group was inferior to the other in visual dis- 
crimination ability but that more stimuli 
were perceptually prominent for group 1. 


SUMMARY 


This paper was concerned with determining 
whether various infant experiences of rats 
produce differences in behavior at maturity. 

Three groups of male hooded rats were 
reared under three different conditions. 
Group 1 had a complex visual-proprioceptive 
environment. The environment of group 2 
offered much opportunity for visual experience 
but little opportunity for proprioceptive 
experience. Group 3 had a relatively ho- 
mogeneous visual-proprioceptive environment. 
At maturity, the groups were given three 
series of tests. 

From our results we concluded that early 
experience and learning is an important 
determinant of the emotionality and cognitive 
ability of adult rats. The differences were il- 
lustrated by the rats’ performance in tests of 
emotion, form discrimination and generaliza- 
tion, and spatial problem solving. It is further 
suggested that the quality of the animals’ 
infant experience will determine the kinds and 
number of “hypotheses” they can test when 
solving a problem at adulthood. 
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SITUATIONAL DETERMINANTS OF THE RELATIVE DIFFICULTY OF 
SIMULTANEOUS AND SUCCESSIVE DISCRIMINATION 


JEROME WODINSKY, MARGARET A. VARLEY, AND M. E. BITTERMAN 


University of Texas 


In an attempt to reconcile conflicting evi- 
dence on the relative difficulty of simultaneous 
and successive problems in two-choice dis- 
criminative situations, Bitterman and Wo- 
dinsky (3) proposed the following principle: 
any condition which favors the functional 
isolation of the two members of each pair of 
stimuli (component organization) will facilitate 
the simultaneous solution and retard the suc- 
Cessive solution, while any condition which 
favors the perception of each pair as a whole 
(configurational organization) will retard the 
Simultaneous solution and facilitate the suc- 
cessive solution. The present experiment 
Provides a systematic test of the validity of this 
Principle. Simultaneous and successive prob- 
lems were presented in a four-window jumping 
apparatus in such a way as to foster either 
component or configurational organization. To 
Promote component organization, the two 
members of each pair of stimuli were separated 
In space, and the animal was required to make a 
direct approach to one member of each pair. 
To promote configurational organization, the 
two members of each pair of stimuli were 
Spatially contiguous, and the animal was re- 
quired to jump away from (to the right or left 
9f) each pair. In all, four groups of animals 
Were trained, one on each of the two types of 
Problem (simultaneous and successive) under 
€ach of the two perceptual conditions. Another 
Important feature of the design should be 
noted: each group learned, not one, but two 
Consecutive problems of the same type in 
counterbalanced order, a procedure which 
Provided data on shifts in relative difficulty 
from the initial problem to the second. A 
Study by Bitterman and McConnell (2) sug- 
Bested that it may be possible in this way to 
distinguish between intrinsic differences in 
oe and transient differences due to the 

‘adiness with which particular sets can be 


adopted under the various experimental 
Conditions, 


METHOD 
Subjecls 


The Ss of the experiment were 48 experimentally 
naive, albino rats bred in the laboratory. The animals 
were between three and four months old at the begin- 
ning of the work. 


A paratus 


A four-window jumping apparatus was employed in 
the experiment. The windows, 5.5 in. square, were cut 
into the panels of a hemioctagonal surround, and a cir- 
cular jumping platform was so situated that its perim- 
eter was equidistant from the four windows. As in the 
conventional jumping apparatus, behind the windows 
there was a feeding platform and below them was a net 
into which the animal fell after an incorrect response. 
The entire apparatus was painted flat black. The ex- 
perimental design called for five different kinds of 
stimulus cards: (a) homogeneous mid-gray; (b) black- 
and-white vertical stripes (the width of each stripe 
being 0.5 in.); (c) black-and-white horizontal stripes 
(the width of each stripe being 0.5 in); (d) small 
black circle (1 in. in diameter) centered on a white 
ground; and (e) large black circle (4 in. in diameter) 
centered on a white ground. 


Preliminary Training 


At the start of the experiment the animals were 
placed on a 24-hr. feeding schedule. After adjustment to 
handling, they were fed on the feeding platform and 
taught to jump gradually increasing distances from the 
jumping platform to the open windows at the extreme 
left and right only, manual guidance being employed to 
provide equal experience with both. The two center 
windows were open but unused—the animals were not 
trained to jump to them, nor were they selected spon- 
taneously. At the conclusion of the preliminary training 
the animals were divided into four groups of 12 animals 
each, matched for sex, weight, and adjustment to the 
apparatus. 


Discriminative Training 


One group of animals, which will be designated the 
simullaneous-com ponent group, learned two consecutive 
simultaneous discriminations (between horizontal and 
vertical stripes and between large and small circles) 
under conditions designed to promote component or- 
ganization. The two cards to be discriminated in each 
problem were placed in the extreme left and right win- 
dows, with the animal being required to jump directly 
at one of the two cards on each trial. Thus, the two card 
arrangements of the horizontal-vertical problem were 
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(reading from the extreme left to the extreme right win- 
dow) HGGV and VGGH, where H stands for a horizon- 
tally striped card, G for a gray card, and V for a verti- 
cally striped card. Similarly, the two card arrangements 
for the circle discrimination were LGGS and SGGL, 
where L stands for large circle and S for small. Six of 
the animals in this group learned the horizontal-vertical 
discrimination before the circle discrimination, while 
the remaining animals learned the two problems in re- 
verse order. Of the 12 animals, 3 (selected at random) 
were rewarded for jumping to horizontal stripes and 
large circle (i.e., for jumping right to VGGH or SGGL 
and left to HGGV or LGGS), 3 were reinforced for jump- 
ing to vertical stripes and large circle, 3 to horizontal 
stripes and small circle, and 3 to vertical stripes and 
small circle. Ten trials per day were given by the correc- 
tion method. Each trial consisted of a series of one or 
more jumps to a given set of cards, the trial being ter- 
minated by a correct response. A maximum of three free 
jumps was permitted on each trial, and after three con- 
secutive errors the animal was manually guided in the 
correct direction. The criterion of learning on each 
problem was one errorless day, and on the day after an 
animal reached criterion on its first problem, training 
on the second was begun. 

A second group (successive-component) learned two 
consecutive successive discriminations under condi- 
tions designed to promote component organization. 
Again, the cards to be discriminated were placed in the 
extreme right and left windows and directly approached 
by the animals. The two card arrangements of the stripe 
problem were HGGH and VGGV, while those of the 
circle problem were LGGL and SGGS. In all other re- 
spects the training of this group was analogous to that 
of the simultaneous-component group. Half the animals 
Jearned the circle discrimination before the stripe dis- 
crimination, and half learned the two problems in the 
reverse order. Three of the animals were reinforced for 
jumping right to HGGH or SGGS and left to VGGV or 
LGGL, three for jumping right to VGGV or SGGS and 
left to HGGH or LGGL, three for jumping right to 
HGGH or LGGL and left to VGGV or SGGS, and three 
for jumping right to VGGV or LGGL and left to HGGH 
íi co group of animals (simullaneous-configura- 
lional) learned two consecutive simultaneous problems 
under conditions designed to promote configurational 

sati rds to be discriminated were 
organization. The cards | A 
: n nter windows, and the animal was 
placed in the two ce k REEN 
required on each trial to approach one of the two gray 
cards which were situated in the extreme right and left 
windows. Thus, the two card arrangements of the 
stripe problem were GHVG and GVHG, and those of 
the circle problem were GLSG and GSLG. In general, 
the- training of this group was directly analogous to 
that of the simultaneous-component group except that, 
instead of being reinforced for jumping to one of the 
discriminanda (e.g., H) in one of the end windows with 
gray cards in the center windows, the animals were 
reinforced for jumping to a gray card in the end window 
adjacent to that one of the two center windows which 


contained H.’ 


1 While in all the other groups six animals learned the 


discriminations in the order stripes-circles, and six in 
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Fic. 1. The course of learning in the four groups 
during the first 20 days on each problem. To conserve 
space the tails of the curves are omitted. It is to be noted 
that the curves are based on the whole group at each 
point. The assumption was made that once an animal 
reached the criterion, its performance thereafter would 
have been errorless had it been tested, and so it re- 
mained in the denominator for the computation of 
means. 


A fourth group (successive-configurational) learned 
two consecutive successive problems under conditions 
designed to promote configurational organization. The 
cards to be discriminated were placed in the two center 
windows, and the animals were required to approach 
one of the two gray cards situated in the extreme right 
and left windows. The two card arrangements of the 
stripe problem were GHHG and GV VG, and those of 
the circle problems were GLLG and GSSG. The training 
of this group was analogous to that of the successive- 
component group except that, instead of being rem- 
forced for jumping directly to one of the discriminanda 
in one of the end windows, the animals jumped to one ° 
the gray cards in the end windows, depending upon 
which pair of discriminanda appeared in the center 
windows. 


RESULTS 


The course of learning in each of the four 
groups is shown in Figure 1, and in Tables 
and 2 the performance of each group on each 
of the two problems is summarized in terms of 
mean initial errors and mean total (initial 
plus repetitive) errors. The dependence of the 
relative difficulty of the simultaneous 8n 
successive problems on situational variables 
cán be seen clearly in the data. Under com- 
ponent conditions the initial simultaneous 
problem is significantly easier than the initial 
suceessive, while under configurational condi- 


: i p ent 
the order circles-stripes, seven animals of the pres 


group began with stripes and only five with circles- 
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TABLE 1 
Mean Initial Errors Made by Each of the Four Groups in Each of Two Consecutive Problems 
GROUP | PRONE DIFF. p PROBLEM DIFF. e erm 2v 
Simultaneous-component 12.58 12.17 0.41 
22.09 .01 14.91 .01 
Successive-component 34.67 27.08 7.59 
21.16 | -05 20.09 | .01 
Successive-configurational | 55.83 47.17 8.66 
. 51.58 | .01 3.58 
Simultaneous-configurational 107.41 50.75 56.66 | .05 
* Significance estimated by Wilcoxon's nonparametric test for unpaired replicates (4). 
** Significance estimated by Wilcoxon’s nonparametric test for paired replicates (4). 
TABLE 2 
Mean Total Errors Made by Each of the Four Groups in Each of Two Consecutive Problems 
GxOUP REGEM DIFF. p EKOSE DIFF. p° anonra p" 
Simultaneous-component 20.25 18.00 2.25 
32.67 | .01 16.42 | .01 
Successive-component 52.92 34.42 18.50 | .01 
36.58 | .01 25.75 | .01 
Successive-configurational 89.50 60.17 29.33 
g 66.66 | .02 8.33 
Simultaneous-configurational 156.16 | 68.50 87.66 | .02 


* Significance estimated by Wilcoxon's nonparametric test for unpaired replicates (4). 
** Significance estimated by Wilcoxon's nonparametric test for paired replicates (4). 


tions the reverse relation obtains between the 
two types of problem. In both conditions, 
however, the difference between the more 
difficult problem and the less difficult problem 
tends to decrease with practice. This change 
in relative difficulty is most marked under 
Configurational conditions, with the difference 
between simultaneous and successive presenta- 
tions disappearing entirely in the second of the 
two consecutive problems. Under component 
conditions the performance of the simultaneous 
group continues to be superior in the second 
Problem, but the significant decline in total 
errors shown by the successive group indicates 
a trend toward decreased relative difficulty. 

nder component conditions in the two- 
Window jumping apparatus (1, 2) the difference 
ìn difficulty between simultaneous and suc- 
Cessive presentations disappears in the second 
Of two successive problems (involving the 
Same discriminanda as here employed), which 
Suggests that increased separation of the 
Stimuli presented in the end windows of the 
four-window apparatus makes a stable con- 
figurational set more difficult to achieve. It 


seems likely, however, that even in the four- 
window apparatus the simultaneous vs. suc- 
cessive difference should eventually disappear 
in the course of a longer series of problems. 
From the point of view which led to the 
design of the present experiment, the only 
really surprising result is the significant and 
consistent superiority of the successive- 
component group as compared with the suc- 
cessive-configurational group. On the assump- 
tion that both successive problems would be 
mastered in terms of the difference between 
configurations, the opposite outcome was 
anticipated. It is conceivable that the relevance 
of the discriminanda is more readily apparent 
under conditions of direct approach, and that 
this difference more than compensates for the 
difference in the readiness with which a con- 
figurational organization may be achieved. 
It is conceivable also that the processes under- 
lying solution of the two successive problems 
are quite distinct. In any event, the reason 
for the persistent difficulty of the successive- 
configurational problem is not yet clear. 
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SUMMARY 


Each of four groups of rats learned two 
consecutive problems in a two-choice dis- 
criminative situation. Two groups were trained 
under conditions designed to facilitate the 
perceptual analysis of each pair of stimuli 
into components—the two members of each 
pair were separated in space, and the animal 
was required to jump directly to one member 
of the pair on each trial. The remaining two 
groups were trained under conditions designed 
to promote perception of each pair of stimuli 
as a whole (configuration)—the two members 
of each pair were spatially contiguous and the 
animal was required to jump to a window at 
the right or left of the pair. Under component 
conditions successive discrimination was more 
difficult than simultaneous both in the first 
and in the second of the two consecutive prob- 
lems, although there was some tendency for 
the difference in difficulty to decline from the 
first problem to the second. Under configura- 
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tional conditions the simultaneous discrimina- 
tion was more difficult in the first of the two 
problems, but the difference disappeared in 
the second (due principally to the marked 
improvement in the performance of the simul- 
taneous group). In both problems the succes- 
sive discrimination was more difficult under 
configurational as compared with component 
conditions. 
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CHANGE IN STIMULUS CONDITIONS AS A DETERMINER OF 
"REGRESSION" IN THE RAT! 
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_ Experimental investigations of “regression” 
in the rat ordinarily involve establishment of 
one response (e.g., a right turn ina T maze) 
and reversal training in which Response I is 
replaced by an incompatible response (11) 
(e.g., a left turn). A noxious stimulus (usually 
electric shock) is then introduced, and if Re- 
Sponse I occurs, S is said to have regressed. 
The studies may be classified either as 
Type P experiments, in which the noxious 
Stimulus introduced on test trials precedes 
the choice response (e.g. 1, 3, 7), or as Type F 
experiments, in which the noxious stimulus 
follows the choice (4, 8). Since the experiment 
reported below deals with the effects of a 
change in stimuli presented before the choice 
response, it is most relevant to Type P studies. 
No Type P study of which we are aware 
Provides evidence of regression significantly 
above chance. Little importance should be 
attributed to regression of less than half the 
Ss (in a two-choice situation) because such 
results could be attributed entirely to the 
absence of transfer from training to test (shock) 
trials. If the response to which S regresses was 
an original preference, as in Aebli’s study (1), 
absence of transfer could explain regression in 
more than half the Ss on the further assump- 
tion that the same preference would have been 
exhibited to the test stimulus had it been 
Presented before training. Even though there 
is no clear evidence of regression in more than 
50 per cent of the Ss in a Type P experiment, 
o Seems probable (especially in view of the 
de to be reported below) that such data 
CAS be obtained under appropriate conditions 
Ven if regression were not to an original 
Preference, 
ge present experiment was designed as a 
Ntrol to determine if regression might result 


T i 5 ac 
9m a change in stimulating conditions at the 
1 t 
ia study was reported at the 1950 meeting of the 
a Westem Psychological Association in Detroit. 
EN run E-1 and C were run as a part of a master's the- 
t tur hy J. R. T. The authors would like to express 
Ir thanks to Anthony J. Caci ing the 
Ss in oe y J. Cacioppo for running 
Now at Michigan State College. 


choice point rather than the introduction of 
a noxious stimulus. 


METHOD 
Subjects 


The Ss were 49 male albino rats from the Kent State 
University colony. All Ss were between five and eight 
months old at the beginning of the experiment. 


Apparatus 


The apparatus was a single-choice-point alley T 
maze with interchangeable parts. The distance from 
starting box to choice point was 24 in.; from choice point 
to either end box was 25 in. Guillotine doors controlled 
by E were placed at the exit from the starting box, at 
the choice point, in each arm 9 in. from the choice 
point, and at the entrance to the end boxes. Black cloth 
curtains were placed in each arm 5 in. from the end 
boxes. 

Two stem sections were used. One was unpainted 
pine and contained a hardware cloth hurdle 6 in. long 
and 2 in. high which was placed next to the choice point. 
The other stem section was painted black and contained 
no hurdle. There were two sets of maze arms which dif- 
fered only in that one was painted black while the other 
was unpainted. 


Procedure 

Training was initiated three or more days after the 
animals had been on a schedule of a 1-hr. feeding period 
(unlimited food) every 24 hr. Throughout the experi- 
ment all Ss were run immediately before their daily 
feeding. 

For the two experimental groups, training on Re- 
sponse I consisted of 10 trials a day for 10 days, 
a total of 100 trials. On each trial one of the unpainted 
goal boxes containing a .3-gm. pellet of Purina Fox 
Chow (S's regular diet) was placed at the end of the 
arm which had been arbitrarily designated as correct. 
The black box without reward was at the end of the 
other arm. The unpainted alley sections were used 
throughout training. During this portion of training the 
intertrial interval was approximately 10 min. Through- 
out the experiment, the noncorrection technique was 
used. Doors were closed behind S as soon as it touched 
the curtain on both "correct" and “incorrect” choices. 
On nonrewarded runs, the animal was left in the black 
end box 60 sec. before being removed. Half the Ss were 
trained to the right and half to the left. No errors oc- 
curred on the last few days of Response I training. 

Twenty-three hours after training on Response I was 
completed, the animals were trained in the opposite 
direction (Response II). For this training, the end boxes 
were interchanged so that the unpainted box contained 
the reward on all trials. During the acquisition of Re- 
sponse II, the intertrial interval was the time required 
to return the animal to the starting box. The short 
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TABLE 1 


Summary of Results Indicating the Total Number of 
Ss, the. Number of Ss Making Response I, the 
Number Making Response II, and the Percent- 

age Making Response I for Each Group and 
for the Two Experimental Groups Combined 


—— wo mxseowsr RESPONSE eee 
RESPONSE I 
E-1 26 16 10 62 
E2 10 8 2 80 
Exper. total 36 24 12 67 
Control 13 1 12 8 


intertrial interval was used on the assumption that it 
would facilitate a rapid shift to Response II. This train- 
ing was continued until a criterion of five successive 
correct responses was reached. 

The test run followed immediately after the second 
response had been learned to the criterion. For group 
E-1 the conditions were changed by replacing the un- 
painted stem of the maze by the black stem without the 
hurdle. Also, the black end box was replaced by a 
second unpainted end box, and food was placed in both 
end boxes. The test trial always followed the last train- 
ing trial within 90 sec. The test runs for group E-2 were 
the same as for group E-1 except that instead of a 
change in the stem section, the black arms were substi- 
tuted for the unpainted ones.? 

In the control group, 15 reinforced trials in a straight 
runway were substituted for the Response I training of 
group E-1. Starting with Response II training the pro- 
cedure for these Ss was identical to that used with 
group E-1. All three groups required approximately the 
same mean number of trials to reach the criterion of 5 
successive correct trials on Response II. The number of 
runs required to meet this criterion ranged from 7 to 15, 
excluding criterion trials. 

The groups were not run simultaneously so that 
minor differences in handling, room temperature, etc. 
probably were involved. 


RESULTS 


The results are summarized in Table 1. As 
shown there, 16 (62 per cent) of the 26 Ss 
in group E-1 regressed as did eight of the 10 Ss 
in group E-2. The results from group E-1 do 
not differ significantly from chance (50 per 
cent); those for group E-2 fall just short of 
differing significantly from chance at the 5 
per cent level of confidence (single-wing hy- 
pothesis for expansion of the binomial). Com- 

? We added group E-2 rather than running more Ss 
in group E-1 in hopes that this change would produce a 
greater percentage of “regressive” responses. Although 
our assumptions that a change in the arms was more 
distinctive than a change in the stem section, and that 
a greater change in stimulus conditions would lead to 
more regression, are tenuous, they tend to be supported 
by our findings. 
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bining the results of the two experimental 
groups indicates a preference for Response I, 
which differs from chance at the 4 per cent level 
of confidence as determined from the standard 
error of a proportion with the correction for 
continuity (2, p. 58). 

The perseveration in Response II of 12 of 
the 13 control Ss indicates that there was 
transfer from training to test situation. Thus, 
if no regression occurred, more than 50 per 
cent of the Ss would have made Response II. 
"Therefore, it seems safe to conclude that there 
is a reliable tendency for rats to revert to Re- 
sponse I under the particular conditions of this 
experiment. 


DISCUSSION 


The results of the present study offer rather 
clear evidence of regression in the rat in a Type 
P experiment. Since the factors operating in 
this study may well have been operating in 
other Type P studies, it appears that the 
introduction of a change in stimulus condition 
(qua change) may have been entirely respon- 
sible for the regression obtained in other Type 
P studies. 

It could be argued that the black alleys 
introduced on the test trial were noxious 
because they were the same color as the nega- 
tive box. However, the black end box would 
have slight noxious properties compared with 
an electric shock, and there would be incom- 
plete and probably only slight generalization 
of these properties from the end box to the 
alleys. Since shock produced more regression 
than a buzzer in Sanders’ study, it woul 
appear that if the noxiousness of the stimulus 
causes regression, there is a positive relatis 
ship between degrees of noxiousness and the 
percentage of regressive responses. However, 
in the present study, we obtained an Ld 
usually high percentage of regressive responses 
with the introduction of a stimulus which, 1 
noxious, is only slightly so compared with an 
electric shock. Thus, while it is unfortunate 
that the rtimulus complex introduced on OUT 
test trial might have had slight noxious 
properties, this does not seriously weaken OUT 
interpretation that the charge in stimulation 
was responsible for regression. x 

As pointed out by Saltz (6), O’Kelly’s 
finding (5) that six of seven rats regresse 
when they were shifted from a thirst drive ie 
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, Fic. 1. Representation of the differential generaliza- 
tion explanation of the results. Stimulus generalization 
of Response II is represented by the solid gradient. The 
dashed line is the generalization gradient for Response 
I. In the training situation Response II is dominant 
(solid gradient is higher); under test conditions Re- 
Sponse I is dominant. 


satiation also supports the interpretation that 
a change in stimulating conditions may lead 
to regression even if the change is not noxious. 
'The reversion to Response I in the present 
Study may be explained in at least two ways. 
It may be attributed to disinhibition of the 
effects of extinction of Response I during the 
reversal training, or it may be derived from the 
assumption that stimulus generalization result- 
ing from training of Response I is broader than 
&eneralization of the reversal (Response II) 
training. This differential generalization ex- 
Planation is represented in Figure 1. 

It should be noted that this explanation 
differs from the simple assumption that there 
15 inadequate transfer from training to test 
Situation, The differential generalization in- 
terpretation can explain regression significantly 
above chance (50 per cent), while the lack-of- 
transfer interpretation can only explain re- 
Bression to chance performance (when there is 
No original preference). 

"t differential generalization explanation, 

ich seems more satisfactory as it can also 
iod to derive disinhibition, may be made 
“i specific by any one of several, different 
fon ee namely: (a) broader generaliza- 

vem older habits than of newer habits, (b) 
trial er generalizztion of effects of reinforced 
is "i than of extinction effects (Response I 

3 nou ui during reversal training), or 
d e effects of some other variable on the 

B of the generalization gradient. Saltz (6) 

S presented a theory to explain regression 
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and several other phenomena in terms of the 
second type of generalization theory. Our 
findings can be predicted from his theory but 
do not serve as a test between his and other 
types of generalization explanations. 

Sanders’ experiments (7) may be interpreted 
as supporting the differential generalization 
explanation. She obtained the highest per- 
centage of regression with a shock within the 
maze, the next highest percentage of regression 
with a loud sound, and little or no regression 
with shock outside the maze, injection of 
caffeine, or injection of adrenalin. It would 
appear that within the limits observed there 
is a positive relationship between the distinc- 
tiveness of the novel stimulus at the time of 
the choice and percentage of regression. 


SUMMARY 


An experiment was conducted to determine 
if a nonnoxious change in stimuli at the choice 
point might lead rats to shift from a recently 
acquired response (e.g., right turn) to an older 
response (left turn). Two-thirds of the Ss 
reverted to the older response. The results 
suggest that regression resulting from an 
electric shock at the choice point, which other 
Es have reported, is not dependent upon the 
noxious nature of the change in the stimulus 
complex which is introduced. 
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A COMPARISON OF CHEMICAL AND MECHANICAL ALTERATIONS OF 
SEIZURE PATTERNS IN MICE! 


BENSON E. GINSBURG 
The University of Chicago 


AND JOHN L. FULLER? 
R. B. Jackson Memorial Laboratory 


During the past several years, one of us has 
been primarily concerned with the effects of 
changes in the stimulus pattern as related to 
seizure incidence and latency in genetically 
susceptible mice that characteristically react 
to a white noise above 86 db by exhibiting 
clonic-tonic convulsions which, in the majority 
of cases, prove fatal (3, 4). The other has 
studied the effects of metabolically active sub- 
strates and enzyme inhibitors on the same 
behavior reaction (6, 7, 8). In the present 
paper one particular stimulus pattern is com- 
pared with a substrate producing some similar 
effects, and the two are used in combination 
in an attempt to elucidate the mechanism of 
action of each. 

It has been shown that after a 20-sec. 
priming stimulus and 10-sec. interruption 
followed by 90 sec. of sound stimulation, there 
is a decrease in susceptibility to convulsions as 
compared with continuous stimulation (3). 
It has also been demonstrated that glutamic 
acid reduces the convulsive risk and increases 
survival in several susceptible strains, that this 
effect can be counteracted by structural an- 
alogues of glutamic acid, that adaptation to 
glutamic acid occurs upon repeated adminis- 
tration, and that the response of the two 
sexes to this substrate differs in the DBA/1 
strain (6, 8). There are two major points of 
similarity resulting from the two procedures: 
(a) a reduced seizure incidence, and (b) a 
reduced incidence of fatalities among animals 
that convulse. The differential response of the 
two sexes obtained with glutamic acid is, on 
the other hand, not a sequel to interrupted 
stimulation. 


1 These studies were aided by contracts between the 
Office of Naval Research, Department of the Navy, the 
University of Chicago (NR 110-500) and the Roscoe 
B. Jackson Memorial Laboratory (ONR 1001 (01]). 

2 The authors gratefully acknowledge the technical 
assistance of Mr. John Craig. 


It should be pointed out that the experi- 
ments with glutamic acid reported in this paper 
were carried out by Fuller and Craig, and 
represent an independent corroboration of 
results reported by Ginsburg et al. (6, 7, 8). 


METHOD 
Subjects 


Genetically homogeneous mice of the DBA/1 strain, 
raised by the supply department of the R. B. Jackson 
Laboratory, were used as test animals. These have been 
produced by over 100 generations of brother X sister 
matings and are known to be approximately 60 per cent 
susceptible to seizures during the period from 30 to 45 
days of age, when subjected for 134 min. to a white 
noise at intensities of 86 to 104 db. The animals were fed 
a diet of Purina Laboratory Chow and had access to 
food and water at all times. Animals conspicuously 
above or below average body size were discarded and 
not tested. 


Apparatus and Procedure 


Only first trials are reported in this paper. Mice were 
tested between the ages of 30 and 35 days, using the 
method described by Fuller (4), as modified from Hall 
(9). A standard doorbell is suspended by rubber bands 
above a galvanized iron washtub, 60 in. in circumference 
at the bottom. The tub is enclosed in a box packed vm 
Shavings, and a hinged frame with double-thicknes? 
Lucite windows covers the apparatus. Tests wit 
sound meter showed an average sound pressure o. ga 
db during these experiments, with variations in px 
sity of about 1 db between different parts of ine us- 
sure. Illumination is provided by a 75-w- bulb i te 
pended about 3 ft. above the hinged cover. A co e 
record of behavior was made during each test- 
times of onset of wild running, convulsion, and death T 
recovery were recorded, using a stop watch. Convu* 
sions which occurred were classified in order of severity 
as clonic-tonic, clonic, and conyulsive spasms (2). 

For the glutamic acid test a neutral solution of 1(+) 
glutamic agid (pH 7.4) was prepared in the manner 
described by Marx (10) at a concentration of 200 mg. 
per cubic centimeter; it was administered by subcuta- 
neous injection at a volume of 0.1 cc. per 10 gm. of body 
weight 30 to 45 min. before testing. Control animals 
were handled in exactly the same way but received an 
equal volume of 0.9 per cent sodium chloride. The inter- 
rupted stimulus followed the schedule of 20 sec. of 


' ringing, 10 sec. of silence, and 90 sec. öf bell ringing: 
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TABLE 1 
Convulsion Data for the Eight Groups of Mice 
CONVULSION TYPE 
GRO! c i DEATH/ NEAN 

UP SEX N = z Ea TOTAL DIED | CONVULSIONS EER REN 
CS-S fou 50 43 2 2 47 43 92 39.2 8.74 

9 50 43 1 3 47 43 92 37.8 7.28 

CS-GL e 50 13 2 10 25 13 52 46.8 11.15 

9 50 23 2 10 35 23 66 43.4 11.73 

IS-S ge 50 24 0 9 33 24 73 12.1 4.93 

9 50 27 2 11 40 27 68 13.8 6.85 

IS-GL g 50 15 2 8 25 14 56 21.1 15.59 

9 50 18 3 8 29 18 62 19.5 15.65 
TABLE 2 glutamic acid and by the use of interrupted 
Partition of Chi Square for Seizure Risk stimulation, but the severity of convulsions 
and the death risk are reduced in those animals 

SOURC: N dj ‘a ? . . " 5 

ROP ARE 2 E which do have seizures. With continuous 
Schedule 1 7.29 | .01 stimulation, glutamic acid reduces the in- 
Trentment 1 28.09 | .001  cidence of convulsions 20 per cent more in 
sis m 1 HEC an males than in females (¢ = 2.06), whereas no 
Sche EF 5 a i i "i NS X difference occurs in the saline-treated 
"Treatment X Sex 1 “49 | NS controls. The reduction produced for each sex 
Schedule X Treatment X Sex| 1 1.69 | NS below the control Jevel (44 per cent for males, 


Was believed that this would reduce seizure incidence in 
& manner comparable to that of the glutamic acid injec- 
tions. This prediction was based upon results with a 
related but different stock of animals. Actually, the 
reduction in convulsion risk obtained was slightly less 
than that obtained with glutamic acid (see Table 1). 


Design 


i The experiment was planned so that 50 males and 50 
emales were tested under each of the following condi- 
tions: group CSS—continuous stimulation, saline; 
group CSGL—continuous stimulation, glutamic acid; 
group ISS—interrupted stimulation, saline; group 
SGL—interrupted stimulation, glutamic acid. 


RESULTS 


The effects of both glutamic acid and inter- 
Tupted stimulation are to reduce significantly 
ne seizure risk of both males and females. The 

ata with respect to incidence of convulsions 
and the number of fatal convulsions are sum- 
paed in Table 1. A partition of chi square 

T seizure risk among each of the three in- 

ependent variables of the experiment is 
Blven in Table 2. 
ae acid treatment has the strongest 
His vs on seizure risk, followed by the effect 
ks chedule and of sex. Tt will be observed that 
One of the interactions is significant. 
ns is clear from Table 1 that not only is 
izure risk reduced by pretreatment with 


24 per cent for females) is more highly sig- 
nificant (/ = 4.92 for males; 3.12 for females). 
This is in contrast with the results obtained on 
repeated injections of glutamic acid, where 
adaptation occurred in both sexes to the point 
where no effects were noted on females, and 
only the incidence of recoveries was changed 
in males (6, 8). In the present study, both sexes 
exhibited significant increases in recoveries 
over the control level (¢ = 3.86 for males; 
2.92 for females). There is a shift in the pattern 
of the convulsions from the severe clonic- 
tonic seizure to the clonic seizure and the rela- 
tively mild convulsive spasm (see 2). 

The increase in recoveries is due entirely to 
the increase in proportion of milder convulsions 
in this sample, although in two previous 
samples an increased proportion of recoveries 
from clonic-tonic seizures was observed (6, 
8). In these cases the seizures are fully as 
severe as those that terminate fatally in 
untreated animals, but the mice are able to 
survive the period of apnea following the 
convulsions, whereas the untreated mice 
almost all die as a result of a clonic-tonic 
seizure unless they are given artificial respira- 
tion. All our mice can be resuscitated. 

When the interrupted stimulus is used with 
animals protected by glutamic acid, the results 
are similar to those obtained with glutamic 
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Fic. 1. Convulsion latency of the continuous stimu- 
lation groups 
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Fic. 2. Convulsion latency of the interrupted stimu- 
lation groups 
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acid on continuous stimulation except that no 
sex difference appears. The combination of the 
two protective measures, glutamic acid and 
interrupted stimulation, on the schedule 
described, brings the seizure risk in females 
down to the male level but does not depress 
the incidence in males below that accomplished 
by glutamic acid alone. 

A comparison between continuous and in- 
terrupted stimulation where no glutamic acid 
is administered to either group reveals that 
the convulsions have decreased and recoveries 
increased significantly as a result of*interrup- 
tion, and that all recoveries are attributable 
to the increase in proportion of clonic seizures 
and convulsive spasms at the expense of clonic- 
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tonic seizures. The protective effect is con- 
siderably less than that achieved with glutamic 
acid and involves no sex differences that are 
significant at or below the .05 level of con- 
fidence. Whether or not such a sex difference 
would emerge if the magnitude of the effects 
achieved with interruption were comparable 
to that achieved with glutamic pretreatment is 
not settled by these experiments. Other agents 
that have given results comparable in magni- 
tude and direction with those obtained with 
glutamic acid have not necessarily acted 
differently on the two sexes (6). 

The effect of glutamic acid coupled with 
continuous stimulation on recoveries (ex- 
pressed as percentage of total) in females is the 
same as that achieved with saline-injected 
mice on interrupted stimulation, but the male 
recovery rate on glutamic-continuous is 16 per 
cent higher (p = .0495). 

The results as regards change in the latency 
of convulsions are shown in Table 1 and in 
Figures 1 and 2. These accumulative per- 
centage latency diagrams show the marked 
effect of the change in schedule and of glutamic 
acid preinjections upon the rate of development 
of the seizure pattern. A marked difference 
between these two treatments is found in the 
latency effect, which is tremendously reduced 
by prestimulation and increased by glutamic 
acid, although both experimental groups have 
a reduced convulsion risk. The differential 
convulsion risk between the sexes is also shown 
in the accumulative percentage latency dme 
as the female curve always starts to rise slightly 
ahead of the male curve. The difference ^ 
slight, however, and does not reach a 
significance with any of the tests (chi a ia. 
analysis of variance) employed. Since it í om. 
the direction which would be predicted : à 
the established relationship between latency 
and susceptibility, it probably reflects a rea 
difference between the sexes. " 

The standard deviations of the latencies 
show a consistent pattern, being greater In 
all groups receiving glutamic acid. The Sig- 
nificance of these differences between saline 
and glutamic acid pretreatment was deter- 
mined by the / test (see Table 3). 

It may be concluded that one of the effects 
of glutamic acid is to extend the width of the 

¿time band in which seizures may occur. 
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TABLE 3 
Comparison of Saline and Glutamic Acid Pretreatment 
GROUPS t ? 
CSGL males—CSS males 1.416 1 
CSGL females—CSS females 2.986 01 
ISGL males—ISS males 5.236 | .001 
ISGL females—ISS females 4.465 | .001 


DISCUSSION 


The behavioral effects of glutamic acid have 
been difficult to confirm, let alone quantitate 
and explain (8). In the present paper pre- 
viously reported palliative effects of glutamic 
acid on sound-induced seizures in an inbred 
Strain of mice have been confirmed and ex- 
tended, but concomitantly, another problem 
has been raised. It is that the control group 
(saline-continuous) had a seizure incidence of 
94 per cent, some 30 per cent higher than 
eight previous control samples each of com- 
parable size had given in the hands of a number 
of different investigators. These latter ex- 
hibited remarkable consistency from sample 
to sample even when bells of different tonal 
qualities were used and over a range of sound 
Pressures from 86 to 104 db. Although the 
details of the experiments are not pertinent 
here, the uncontrolled variable has been 
identified as prestimulation resulting from the 
fact that mice in the high-incidence control 
group reported in the present paper were so 
Placed with respect to the apparatus that they 
Were exposed to repeated sound pressures of 64 
db while other mice were being tested. It has 
been possible to achieve both normal and high- 
incidence controls by manipulating the in- 
lensity and duration of the prestimulation 
of these mice. 

Whether the control incidence is high or 
Normal, the effect of glutamic acid in this 
Strain is to reduce seizure risk, increase re- 
Coveries, extend and broaden latencies, and 
Protect differentially in the two sexes. There 
1S a slight difference in response of the two 
Sexes (males more susceptible) in the standard 
Stimulus situation that becomes reliable only 
ie very large .numbers are used (8). The 

X difference is also revealed in genetic experi- 
Tents where the results of reciprocal crosses 


Tin: 
Ginsburg, B. E., & Alexander, P. Unpublished data. 
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involving DBA/1 are dissimilar (5). Males 
appear to be most easily affected by mechanical 
or metabolic intervention. The administration 
of glutamic acid in repeated-dose experiments 
protects males but has no comparable effect 
on females (8). On the single-dose experiments 
reported here, the effect on males is more 
profound, and females, too, are protected, but 
to a lesser degree. Work with other strains (6) 
has demonstrated that the sex difference in 
response to seizure-producing stimuli does not 

exist in all susceptible strains of mice, and that 

glutamic acid offers negligible protection in 

some of these strains and does not act differ- 

ently in the two sexes in every strain where 

protection occurs. Because the glutamic effect 

is strain-specific, and because it can be reversed 

by structural analogues of glutamic acid that 

compete for the same enzyme systems (1, 6), 

the protective effect of glutamic acid in DBA/1 

mice appears to be due to its ability to counter- 

act a genetically determined metabolic de- 

ficiency which, in the untreated animal, re- 

sults in uncontrolled energy release and motor 

discharge. In addition, it appears from the 

fact that untreated DBA/1 mice die in respira- 
tory arrest after a seizure but can be re- 
suscitated, that the anaerobic mechanisms in 
the respiratory center are deficient, and that 
glutamic acid compensates for this defect in 
those treated animals that exhibit clonic-tonic 
seizures but recover. 

The identification of the precise metabolic 
effects of glutamic acid that are pertinent to 
these behavioral sequelae has not yet occurred. 
Waelsch (11) and Weil-Malherbe (12) have 
recently published comprehensive reviews of 
the physiological bases for the action of glu- 
tamic acid. The interpretation previously 
offered by Ginsburg, Ross, and co-workers, 
that the action of glutamic acid stems in large 
part from its relationship to the tricarboxylic 
acid cycle, where it may act as a buffer for 
a-ketoglutaric acid and thereby affect energy 
transfer mechanisms in the nervous system 
when a genetic deficiency in these mechanisms 
exists (8), remains unchanged in the light of 
new data. Interrupted stimulation on the 
schedule ,used in these experiments reduces 
the seizure risk and increases recoveries 
among those animals that do convulse. Unlike 
glutamic, where some 19 per cent of the re- 
coveries are from clonic-tonic seizures, and, 
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therefore, attributable to an effect on the 
respiratory center, none of the recoveries after 
interrupted stimulation are from severe con- 
vulsions. Increased recoveries by animals 
receiving continuous stimulation over the 
controls with interrupted stimulation are 
wholly due to the increase in the ratio of clonic 
seizures and convulsive spasms to clonic-tonic 
seizures, where this is only partly the case with 
glutamic pretreatment. 

Inspection of the latency figures (Table 1) 
reveals that when the sexes are lumped, the 
difference between the corresponding groups 
on continuous and interrupted stimulation is 
25 sec. Empirically, therefore, the 10-sec. 
period of interruption (after 20 sec. of priming 
stimulation) achieves half its numerical value 
so far as its effect on latency is concerned. That 
20 sec. of priming followed by 10 sec. of silence 
cannot be equated to 25 sec. of continuous 
stimulation in other respects is shown by the 
fact that the incidence and severity of the 
seizures obtained with interruption are re- 
duced. 

We know from other experiments (3) that 
if the interval of silence had been 40 sec. 
rather than 10 sec. long, seizure risk would 
have fallen to practically zero. It is as though 
sound prestimulation brought the animal just 
to the point of convulsion by exciting a nearly 
critical number of neural circuits. During the 
period of silence these hyperexcitable circuits 
one by one become hypoexcitable. When a 
sufficient number is extinguished, the animal 
will become refractory; if an intermediate 
number is extinguished, a milder convulsion 
will result from the test stimulus. By chance 
the test latency may even fall in the normal 
range, but the rate of extinguishing is so rapid 
that few animals will be caught at this point. 

When glutamic pretreatment and inter- 
rupted stimulation are combined, the results 
achieved are identical with those obtained 
with glutamic acid and continuous stimulation 
except that the combined effects of these 
two palliative measures on the incidence of 
convulsions in females are numerically addi- 
tive, suggesting that they are independent. 


SUMMARY 
Glutamic acid pretreatment lowers the 


susceptibility of DBA/1 weaning-age mice to + 


sound-induced convulsive seizures. This effect 
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is greater in males than in females. Increased 
recoveries from seizures are due to the fact 
that more of the seizures are milder, and that 
the animals are better able to survive periods 
of anoxia resulting from postconvulsive apnea 
following a severe seizure. 

Interrupted stimulation on the schedule 
reported lowers seizure incidence. Recoveries 
are increased solely as a result of a decreased 
severity of convulsions, and the two sexes 
are equally affected. The combination of 
glutamic pretreatment with interrupted stimu- 
lation yields results identical with glutamic 
pretreatment on continuous stimulation in 
males, but lowers the seizure risk in females 
by an amount numerically equal to the sum of 
the protective effects obtained by each of these 
means separately. 
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DRIVE REDUCTION VERSUS CONSUMMATORY BEHAVIOR AS 
DETERMINANTS OF REINFORCEMENT 
FRED D. SHEFFIELD, THORNTON B. ROBY, aw» BYRON A. CAMPBELL? 
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In a previous study (4) it was found that a 
Solution of saccharin in water was an effective 
reward for instrumental learning despite its 
failure to provide nourishment or reduce hun- 
Ber (1). The results were interpreted as indi- 
Cating that elicitation of a strong consumma- 
tory response was a more critical feature of 
rewards than subsequent drive reduction. 

he purpose of the present research was to 
examine this interpretation further by com- 
Paring the reinforcing value of solutions in 
Which nourishment, sweetness, and prior ex- 
Perience were varied independently. In one 
experiment, solutions of dextrose were used 
With and without the addition of saccharin to 
increase “artificially” the consummatory be- 
havior. In a second experiment, animals were 
given prior experience with dextrose solutions 
to permit any reinforcing effects of nourish- 
Ment to strengthen the consummatory re- 
Sponse itself. The measure of strength of the 
Consummatory response in both experiments 
Was amount of solution ingested in 4-min. 
Periods of confinement in a goal box; the meas- 
ure of strength of the instrumental response 


Was running speed in a runway that led to the 
Boal box. 


EXPERIMENT I: REWARD VALUE OF 
DEXTROSE WITH AND WITHOUT 
ADDED SACCHARIN 
Method 


rat jects and apparatus. The Ss were 24 male albino 
5 about 100 days old and of the Sprague-Dawley 
e from the Charles River Breeding Laboratories, 
ere Massachusetts. The basic apparatus con- 
detail of a modification of a 4-ft. runway described in 
ing b elsewhere (5). Its essential features were a start- 
Š ee with a hinged floor, a runway terminating in a 
eee hurdle, a goal box with a hinged floor, and 
Weight af doors at each box to prevent retracing. The 
Switch, of the animal on the two floors operzted micro- 
mund which controlled a Springfield Timer that 
Starti red the animal’s response time from leaving the 
ng box to entering the goal box. The end of the 
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goal box had a circular opening 216 in. in diameter 
covered with l$-in. mesh cage wire. Through this 
the drinking tube projected from a 100-cc. graduated 
cylinder held to the back of the goal box by a broom 
clip. : 

Design and procedure. The animals were divided into 
four groups of six rats and were starved for two days 
and then adapted for six days to the hunger regime 
used during training: a daily feeding at noon of 8 gm. 
(dry weight) of Purina mash. This regime eventually 
causes weight to stabilize at about three-fourths of 
normal, and it keeps animals almost maximally hungry 
around the clock. Water was available at all times from 
trays in the living cages. 

During training the animals were given three spaced 
runway trials each afternoon for a period of 14 days. 
On each trial the rat was placed in the starting box, 
allowed to go down the runway, and confined in the 
goal box for 4 min. If S did not leave the starting box 
within 120 sec., it was placed in the runway; if 5 did 
not leave the runway within 120 sec., it was placed in 
the goal box. The two measures taken were the time to 
traverse the runway and the cubic centimeters of fluid 
ingested from the drinking tube during the 4 min. of 
confinement in the goal box. 

The only difference in treatment of the four groups 
was the nature of the solution available during the 4- 
min. confinement periods in the goal box during train- 
ing. These were: 

1. Plain tap water 

2. A solution of 1.3 gm. of pure saccharin powder per 

liter of water 

3. A solution of 20 gm. of anhydrous dextrose per 

liter of water 

4. A solution of 20 gm. of dextrose plus 1.3 gm. of 

saccharin per liter of water. 


Results 


The results of Experiment I are summarized 
in Table 1, which shows mean runway speed 
(100 + time in seconds) and amount of re- 
ward solution ingested per trial during the 
last four days (12 trials) of training. the 
differences in the table are significant beyond 
the .05 level except the mean speed for water 
versus dextrose. 

It is obvious in the table that the dextrose 
solution by itself is a verv poor reward com- 
pared either with dextrose sweetened with 
saccharin or with saccharin alone. It is also 
obvious that mean speed, the measure of 
strength of the instrumental response, is 
closely related to mean cubic centimeters in- 
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TABLE 1 


Mean Instrumental and Consummatory Response 
Strength during Last 12 Training Trials 


Reward 
13 gm.| 20gm. | 20 gm. 
Mesm | war [SEEM | Bat | ak 
T e SACC. 
trol) | fter | Liter | per Liter 
Mean speed 5.7 1:97.2 | 7.1 58.1 
Mean cc. ingested 0.3| 4.8| 1.9 8.8 


gested, the independent measure of consum- 
matory behavior. Thus the sweetest (to 
humans) solution, the mixture of dextrose 
and saccharin, elicits the most consummatory 
behavior and has the greatest reinforcing 
power. The others are ordered in lesser ef- 
fectiveness both in stimulating consummatory 
behavior and in reinforcing the instrumen- 
tal act. 

A possible source of ambiguity in inter- 
preting the data derives from the fact that in 
the comparison of sweetened and unsweetened 
dextrose the taste of the reward solution is 
confounded with the amount consumed and 
therefore with the amount of nourishment ob- 
tained. This difficulty is partly handled by the 
pure saccharin control group, which did so 
much better than the unsweetened dextrose 
group as to leave no doubt that presence of 
nourishment is not necessary to explain the 
performance of the group rewarded with the 
mixture. 

The results do not completely answer, how- 
ever, the question as to whether nourishment 
helps. It could be argued that without “prim- 
ing" the dextrose solution with saccharin it 
never gets consumed in sufficient quantity to 
reinforce the consummatory response. Once 
*primed" with saccharin, it then gets con- 
sumed in sufficient quantity to reward inges- 
tion and instrumental acts leading to ingestion. 
This could be used as a drive-reduction ex- 
planation of the superiority of saccharin plus 
dextrose over the saccharin control. The al- 
ternative consummatory-response explanation 
is simply that the mixture is sweeter than the 
saccharin alone and therefore elicits a stronger 


consummatory response. 
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EXPERIMENT II: REWARD VALUE OF DEXTROSE 
WITH AND WITHOUT PRIOR EXPERIENCE 
WITH ITS NOURISHING PROPERTIES 


Method 


Subjects and apparatus. The Ss were 24 male albino 
rats from the same source and of the same strain and 
approximate age as those used in Experiment I. The 
apparatus was the same as that of Experiment I. 

Design and procedure. The animals were divided into 
four groups of six animals and were given the same two 
days of starvation and six days of adaptation to the 
hunger regime asin Experiment I. At the end of the six 
adaptation days, the animals were given pretraining €x- 
perience in replicas of the goal box for six successive 
nights (2:00 p.m. to 10:00 A.X). Different solutions 
were available in the drinking tubes in the dummy g0% © 
boxes in pretraining as follows: two groups had water 
only; the other two had 100 cc. of a dextrose solution, 
the concentration being 20 gm. per liter for one and 2 
gm. per liter for the other. The four groups were then 
given runway training as in Experiment I, the reward 
solutions for the four pretraining groups being as 
follows: r 

1. Pretraining, water only; training solution, 20 

gm. dextrose per liter 

2. Pretraining, water only; training solution, 26 gm. 

dextrose per liter 

3. Pretraining and training solution, 20 gm. dextrose 

per liter 

4. Pretraining and training solution, 26 gm. dextrose 

per liter. 

It will be noted that because of the pretraining these 
animals had been on the hunger regime six days longer 
than Experiment I animals at the start of training. 

Experiment II helps to eliminate controversia 
aspects of Experiment I. Thus Experiment Il 5 
essentially an attempt to allow any reinforcing proper- 
ties of the nourishment in dextrose solutions tO 
strengthen the consummatory response in advance 2 
the use of the solutions as rewards in runway trinis. 
Any such learned effects were maximized not only at 
the taste of the dextrose solutions but also tote 
environmental cues by having the pretrainin£ went 
place in replicas of the goal boxes used in subsea 
runway training. 


Results 


The pattern of effects of the experimental 
variables on the consummatory response dur- 
ing training was clear cut. The consummatory 
response to the 26-gm.-per-liter solution was 
higher than that to the 20-gm.-per-liter solu- 
tion and for either solution the effect of dextros¢ 
pretraining was a temporary superiority in con 
sumption of training solutions which was over- 
come by the water pretrained rats in the course 
of training. The consumption during training 
is shown in Figure 1, with the data combine 
first according to pretraining conditions (water 
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Fic. 1. Strength of consummatory response during training with d 
Solution (left graph) and by concentration of dextrose during training 


days 1-2, 3-6, 7-10, and 11-14. 


vs. dextrose) and second according to training 
solutions (20 versus 26 gm. dextrose per liter). 
» That the pretraining was effective in 
priming" the initial consummatory response 
at the outset of training is apparent in the 
left-hand portion of Figure 1. Here the ani- 
mals are grouped into the 12 which had water 
only and the 12 which had one of the two dex- 
trose solutions during pretraining. The differ- 
ence in mean cubic centimeters consumed per 
trial during the first two days of training 
(3.03 — 178 = 1.25) has a £ of 2.43 (20 df) 
giving a p value of .01 in the expected direc- 
tion. As training proceeds, however, the water- 
Pretrained animals catch up to the dextrose- 
Pretrained Ss, and no significant difference 
remains over the last four days of runway 
training. 

By contrast it can be seen in the right-hand 
Portion of Figure 1 that if the animals are 
Brouped into the 12 which had the 26-gm.-per- 
y solution during runway training and the 
pl had the 20-gm.-per-liter- solution, 
Pus ormer group starts with a somewhat larger 
ES isummatory response and—while both show 

increase with tráining—the initial difference 
oa still greater. The difference over the 
Ps our days (4.53 — 3.19 = 1.34) has a bof 
(20 df), giving a p value of .02 in the 
Xpected direction. 
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lextrose reward, broken down by pretraining 
(right graph). Data combined for training 


TABLE 2 
Mean Instrumental Response Strength during Last 12 
Training Trials (Prior Experience Varied) 
as Measured by Mean Speed 


Training Solution 


pe ae int 
Pretraining Experience 26 gm. | 20 gm. Die. 
Dext. Dext. 
per Liter |per Liter 
Dextrose-pretrained 37.2| 16.8 | 20.4 
Water-pretrained 38.0 | 21.7 | 16.3 
Difference (dext. — water)t | —0.8 —4.9 


* Over-all mean difference = 18.4; P = .03 (both tails). 
t Over-all mean difference = —28; p = .70 (both tails). 


Table 2 shows the results for strength of 
instrumental response during the last four days 
(12 trials) of training. It is apparent that 
difference in concentration is the only impor- 
tant factor in this portion of runway per- 
formance. Thus mean speed shows no signifi- 
cant difference as a result of prior opportunity 
to reinforce the consummatory response; what 
differences were obtained were in the wrong 
direction. But the more concentrated dextrose 
solution produced a significantly stronger in- 
strumental response corresponding to the 
significantly stronger consummatory response 
seen in the right-hand part of Figure 1. 

The results of Experiment II appear to 
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Fic. 2. The relation between the strength of the 
consummatory response and the strength of the in- 
strumental response with solutions varied independ- 
ently in sweetness, nourishment, and prior opportunity 
to practice ingestion. Reading from left to right the 
groups are: water control, no pretraining; 20 gm. dex- 
trose per liter, no pretraining; 20 gm. dextrose per 
liter, dextrose-pretrained; 20 gm. dextrose per liter, 
water-pretrained; 26 gm. dextrose per liter, water- 
pretrained; 26 gm. dextrose per liter, dextrose-pre- 
trained; 1.30 gm. saccharin per liter, no pretraining; 
20 gm. dextrose and 1.30 gm. saccharin per liter, no 
pretraining. 


settle the ambiguities left by Experiment I. 
If a drive-reduction interpretation were cor- 
rect, it would be expected that pretraining 
with nourishing solutions would maximize the 
strength of the consummatory response so that 
it would be as well “primed” by pretrain- 
ing as it was by the flavoring with saccharin 
in Experiment I. Instead, the outcome was 
again that the more ingested solution was the 
more reinforcing, and even Ss pretrained 
with the 26-gm.-per-liter solution failed to 
equal in performance the animals who received 
the less nourishing but sweeter saccharin and 
dextrose mixture used in Experiment I. Rather, 
the animals pretrained with the 26-gm.-per- 
liter solution in Experiment II achieved an 
ingestion rate very close to that of the sac- 
charin-only group of Experiment I (over the 
lart four days the mean amount ingested per 
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trial was 4.7 cc. for the former and 4.8 cc. for | 


the latter). 

The corresponding mean speeds of Ss re- 
ceiving these two rewards, which are about 
equal in consummatory response but com- 
pletely different in nourishment, were also 
close to identical, the nonnourishing, pure 
saccharin group giving a mean speed of about 
38 and the nourishing, pretrained, dextrose 
group giving a mean speed of about 37. Thus 
with consummatory response about constant, 
regardless of nourishment, instrumental per- 
formance is about the same. 


This rather striking precision in the rela- 4 


tionship should be regarded with some reser- 
vation since the two experiments were done at 
different times by different experimenters. It 
should be noted, however, that the anhydrous 
dextrose solution of 26 gm. per liter used in Ex- 
periment II was selected not only to be more 
nourishing than the saccharin-plus-dextrose 
solution of Experiment I but also because an 
earlier exploratory study using animals having 
extensive prior experience with dextrose indi- 
cated about equal consumption of solutions of 
1.30 gm. saccharin per liter and a solution of 
anhydrous dextrose roughly 20 times as con- 
centrated (ie., 26 gm. per liter). Thus ap- 
proximate constancy of the consummatory 
response with these solutions was anticipated 
and could be considered part of the experi- 
mental design. In a particular experiment, 
however, it appears that whatever the 1m- 
fluences on rate of consumption—substance 
concentration, or prior experience—the result- 
ant strength of the consummatory response 
is a good index of the reinforcing value of 
solution in new instrumental learning. 
This type of comparison can be made fo 
eight groups in the two experiments combine? 
This is shown in Figure 2, where strength 9 
the instrumental response is plotted as a func- 
tion of strength of the consummatory I€- 
Sponse, using mean speed and mean amount 
ingested, respectively, over the last 12 training 
trials for all Ss. In view of the fact that the 
different points represent different solutions, 
different concentrations, different amounts 0 
nourishment, and different prior experiences 
tbe figure provides a rather convincing dei 
onstration of the degree to whivh the strengt 
of the consummatory response is related to th® 
strength of the instrumental response without 
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regard to drive-reducing properties of the 
Incentive. 


DISCUSSION 


The results strengthen the interpretation 
that the vigor of the consummatory response 
1s the final determining factor in the rein- 
forcing power of a reward for instrumental 
learning. In the present experiments nourish- 
ment per se was apparently irrelevant to 
learning. Reinforcement was in proportion to 
calories ingested in the dextrose solutions, but 
the saccharin controls indicate that this is an 


, artifact of the confounding of calories and 


Sweetness. The position taken here is that 
Sweet stimulation innately elicits ingestion and 
that this reinforces instrumental learning in 
Proportion to the strength of the ingestion 
response. 

The question may be raised as to why ac- 
quisition of dextrose consumption is found dur- 
mg runway training if the consummatory 
Tesponse is innate. In answer to this it should 

€ noted that the presumed innate response is 
to sweet stimulation, and the animal arriving 
in the goal box must learn to go to the tube 
and drink rather than investigate during the 
4-min confinement period. This shows up as an 
Increasing time at the tube and a correspond- 
Ing increasing consumption during training. 
uch acquisition is also found with saccharin, 
as shown elsewhere (4), and should be re- 
Barded as the same sort of process as the 
Acquisition of the runway habit. The innate 
léspónse can best be observed if the naive 
Ungry animal—while not distracted by the 
DOServer—takes a first taste of solution from 
Es living cage water bottle. The consummatory 
s: Sponse is immediate and vigorous if the 
nimal is very hungry and the solution is 
arly sweet (e.g., 5 to 10 per cent sucrose). 
t might be argued that all of the instrumen- 
Ei learning in the present experiments utilized 
pn reward based on prior experience 
Cet eee sweets. This possibility was 
e m ered and discounted elsewhere (4), 
Buech on the grounds that the reward value of. 
of in arın did not extinguish over long periods 
ee the solution in distinctive cue con- 
ls pacar reward interpretations imply 
bs the reinforcing power in the absence of 
M ay reinforcement. The results of Experi- 
ii also fail to support an acquired reward 
€rpretation in that pretraining with sizable 
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amounts of the nourishing solution and in the 
presence of goal-box cues did not noticeably 
enhance the reinforcing power of the reward. 

The main purpose of Experiment II was to 
test the possibility that with the dextrose 
solutions as reward the animals never ingested 
enough in the goal box to get sufficient drive 
reduction to constitute an important rein- 
forcement. A small pellet of familiar food 
makes an excellent reinforcement but is sup- 
ported by acquired reward from the daily diet. 
And in Experiment I the innate response to 
saccharin insured a larger caloric intake per 
trial than obtained even with the stronger of 
the two dextrose solutions used in Experiment 
II. The thought was that if animals had a 
prior chance to drink large quantities of 
dextrose, and if nourishment were reinforcing 
to some extent, the ingestion response would 
not only strengthen but smaller amounts would 
take on acquired reward. The Hullian position 
implies that since faster consumption of a 
dextrose solution brings greater reward in 
caloric intake, the hungry animal with suffi- 
cient experience should selectively learn to 
drink as much and as fast as he can, achieving 
ingestion rates comparable to saccharin- 
sweetened dextrose. 

This latter expectation was not at all borne 
out with the amount of pretraining used, and 
the fact that the water pretrained caught up 
so quickly on consumption during the rela- 
tively small exposure to dextrose during run- 
way training argues against the likelihood of 
insufficient pretraining. In this experiment the 
asymptotic level of ingestion appears to be a 
function of concentration independent of 
nourishing experience. 

The present findings are clearly compatible 
with Thorndike's (6) behavioral definition of a 
reward as something the animal “does nothing 
to avoid, often doing something to maintain." 
They do not lend support to need-reduction or 
drive-reduction theories (e.g., 2, 3) of the 
nature of reinforcement, and they raise the 
question of whether any reinforcement mech- 
anism can be proposed that goes beyond the 
empirical .testing for maintaining or con- 
summatory responses. 

To this end it may be noted that in the case 
of instrumental learning with positive rewards 
the reward stimulus is at the outset of training 
an “unconditioned” stimulus for the con- 
summatory response in the sense that it will 
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regularly elicit the response when presented. 
It would be expected that this terminal con- 
summatory response would become condi- 
tioned to immediate neutral cues, especially 
those which just precede the onset of the re- 
ward stimulus. On successive experiences after 
the first these cues will arouse the consumma- 
tory response ahead of the reward. Moreover, 
this arousal of the incomplete consummatory 
response will work its way from the goal back- 
ward over the instrumental sequence since 
only the cues in this sequence invariably pre- 
cede reward. Thus performing the correct 
responses—and ‘only the correct ones—be- 
comes a cue-producing situation that arouses 
the incomplete consummatory response. 

This inference can be made the basis for an 
explanatory mechanism if one assumes (a) 
that incomplete arousal of the consummatory 
response produces excitement if the animal is 
“in the appropriate drive state and (b) such 
excitement is channeled into whatever re- 
sponse is being performed at the moment. The 
first of these assumptions is easy to accept— 
thus animals on a hunger regime, for example, 
are practically besides themselves with ex- 
citement when exposed to the cues that just 
precede the arrival of their daily ration in their 
living cages. If the second assumption corre- 
sponds with facts, correct responses would 
become prepotent over others because they 
alone would be performed with the added 
boost of excitement from anticipatory arousal 
of the consummatory response. And with 
several incipient response tendencies at a 
behavioral choice point, the one that arouses 
the consummatory response would be the most 
likely to carry through to completion. With 
training the correct sequence gets the advan- 
tage of more rehearsal and more vigorous 
performance than incorrect sequences. —— 

This alternative to the “drive reduction" 
mechanism might be called the "drive induc- 
tion" theory of rewards since it depends on 
arousal rather than reduction of excitement 
and treats rewards as incentives rather than 
satisfiers. It also should be noted that the 
proposed mechanism requires only ą contiguity 
principle of association. 


SUMMARY 


e 
1. Tn the first experiment four groups of six 
rets each were placed on a hunger regime of 
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8 gm. (dry weight) of Purina mash per day - 
and were trained in a runway response with 
the following rewards: (a) tap water, (6) a 
solution of 1.3 gm. per liter of pure saccharin, 
(c) a solution of 20 gm. per liter of anhydrous 
dextrose, and (d) a solution of 1.3 gm. of sac- 
charin plus 20 gm. of dextrose per liter. The 
results were that the saccharin reward rein- 
forced running, but the dextrose was rein- 
forcing only if saccharin was added. 

2. In the second experiment four groups of 
six rats each were placed on the same hunger 
regime as in the first experiment but were 
given experience in replicas of the runway goal 
boxes with either water or dextrose (20 gm- 
per liter and 26 gm. per liter) available prior 
to runway training with dextrose. The results 
were that animals with a previous opportunity 
to have the consummatory response Tem- 
forced by nourishment did no better in runway 
training than control animals. 

3. If runway performance is plotted as à 
function of the rate of ingestion of the rewar! 
solution in the goal box during runway train- 
ing, for the eight different groups getting - 
solutions that varied in sweetness, nourish- 
ment, and previous experience, an almost 
linear relation is found between strength of the 
consummatory response and strength of the 
instrumental response. P 

4. The results are interpreted as evidenc 
that nourishment per se is an irrelevant aspec 
of the reinforcing value of sweet solutions P 
hungry rats and that the strength of the CO 
summatory response determines the rewa" 
value of the substance. 
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INTRAVENOUS INJECTIONS OF GLUCOSE! 
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AND 


Whether reduction of physiological need or 
of drive stimulation (or presentation of asso- 
Ciated stimuli) is necessary and sufficient for 
Strengthening a correlated habit (3, 5) has 

een questioned by recent experimental data. 
Hungry rats learned to prefer nonnutritive 
Saccharin water to ordinary water (10). The 
effectiveness of the saccharin persisted longer 
than secondary reinforcing effects heretofore 
reported, and has been attributed to the more 
Vigorous consummatory responses elicited by 
the saccharin (10, 11). Shocked rats learned to 
Prefer stimuli which presumably increased fear 
drive, and the effectiveness of these “dan- 
gerous” stimuli has been attributed to their 
tendency to increase the duration of the 
(consummatory?) response (2). The present 
experiment, however, is concerned not with 
whether need reduction is necessary for learn- 
ing, but with whether need reduction is suffi- 
cient for learning. 

Demonstrations of the movement-eliciting 
m of the usual sort of reinforcing op- 
ae “ae should not lead us to overlook that it 
e 5 t be possible to reinforce a habit by 
eithe = a need in such a way as not to elicit 
inte consummatory” behavior or secondary 
Se cues. Introduction of food into the 
puo via fistula is reported to have a 
n. orcing effect (8). The reasonable assump- 
Bad was made that this method of reducing 
“in need involved fewer consummatory re- 
pene of chewing, swallowing, and changing 
au ach contractility than are involved in 

ing. The present procedure differs in that 
ae sugar directly into the blood 
eae there may be: (a) even fewer con- 
teed atory responses, (b) less delay of tissue 
Pw reduction, © greater opportunities for 

ntually obtaining records of overt and 
tite ba gae was conducted at the University of 
Pam Pe ara by a grant from the University 

rch Council. Most of the data were 
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covert consummatory responses, and (d) less 
surgery, less time per animal, and less expense 
per S. 

Our working hypothesis is that a hungry 
rat’s preference for a particular head position 
will be increased by accompanying this posi- 
tion with continuous intravenous injection of 
glucose solution. 


METHOD 


Subjecls and Apparatus 


Subjects for this experiment were 32 male albino 
rats weighing between 240 and 460 gm. 

Apparatus was essentially similar to that employed 
in previous experiments of secondary reinforcing effects 
of stimuli associated with onset and with termination 
of electric shock (1, 2). 


Procedure 


The procedure began with the deprivation of food for 
3 days, following which each rat was restrained in a 
snugly fitting cage, with head and neck protruding. 
Under local ethyl chloride anesthetic, the caudal vein 
was exposed at the base of the tail. A specially prepared 
27-gauge needle was inserted proximally and sutured in 
place. The rat was then placed with its head between 
vertical beams of infrared light so that horizontal 
flexion of the head to either side actuated the photo- 
electric relay on that side. 

For a 10-min. period of nonreinforcement, electric 
clocks totaled the duration of head position left of 
center and right of center, and operation-recorder pens 
tallied the frequency of head movements to the left and 
to the right. 

Following this 10-min. period there was a 90-min. 
reinforcement period during which an average of 4 cc. of 
liquid was injected. The procedure during this rein- 
forcement period was as follows: First the needle was 
cleared of any blood clots by momentary pressure from 
a syringe which was in series with the fluid line. One 
photoelectric relay was then connected to an electro- 
magnetic valve controlling the flow of fluid from a 
reservoir 4 ft. above the needle. Fluid could then flow 
through the valve and into the blood system of the rat 
as long as the head of the rat was turned toward the 
nonpreferred side, i.e., the side on which the beam had 
been interrupted the shorter total time during the 10- 
min. nonreinforcement period. 

Complete chronometer records were obtained from 
16 rats reinforced by 10 per cent glucose dissolved in 
physiological saline and also from 16 rats which were 
given only the saline solution. Satisfactorily complete 
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GLUCOSE 


50 


SALINE 
25 


MEAN PERCENT PREFERENCE 


NO REINF.—><—— LIQUID REINFORCEMENT ——> 


PERIODS 


Fic. 1. Effects of correlated injections upon relative 
preference for a head position 


operation-recorder records were obtained from only 14 
in each group. 


RESULTS AND DISCUSSION 


The relative preference of each rat for the 
reinforced side was determined by calculating 
the percentage of the total off-center time 
which it spent on the reinforced side. This 
preference was determined during the 10-min. 
nonreinforcement period and the three succes- 
sive 30-min. periods of reinforcement. The 
animals injected with glucose learned to keep 
their heads in the position which kept glucose 
flowing into their veins (Fig. 1). As in a pilot 
study involving 15 animals, it took a little 
while for them to make their choice. However, 
by the last 30 min. they showed significantly 
(p < .01, Festinger’s test) greater preference 
for the rewarded side than did the saline con- 
trols. These results tend to support and extend 
the findings of other investigators who used 
fistula feeding (7, 8). 

The records from the operation recorder in- 
dicated a slight and nonsignificant tendency 
for an increase in relative frequency of re- 
sponses toward the reinforced side in the 
glucose group. Group means of the percent- 
ages of total responses which were toward the 
reinforced side were 32, 41, 48, and 54 during 
the successive intervals of time. Comparable 
figures from the saline group were 40, 49, 42, 
and 45. Significant influences on duration of 
position but not on frequency of movement 
toward that position are typical of some ex- 

riments in which reinforcing conditions are 
not discrete but are continued as long as a 
position is maintained (1, 2). 

3 F, S. Keller. Personal communication, December 
6, 1953. 
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Significant group differences in measures of 
absolule frequency or duration on the rein- 
forced side were not obtained in the present 
experiment. It is believed that there is in- 
dependent evidence that the present apparatus 
permitted greater unsystematic variation in the 
following factors than previous apparatus: size 
and weight of Ss, alignment of photoelectric 
cells, and voltage and temperature fluctuations. 
These factors are controlled, statistically, by 
using relative preference scores rather than 
absolute scores. 

Mean total activity, i.e. moves toward 
either side, was 2.6, 3.4, 3.5, and 2.7 responses 
per minute per glucose-injected rat during the 
four successive time intervals, and 3.1, 3.1, 24, 
and 3.1 per minute in the saline control group: 
Additional controls would be necessary to 
evaluate satiation, revival, response generali- 
zation, and other possible factors contributing 
to total activity. ` 


CONCLUSION 


With intravenous injection continuing 23$ 
long as a rat's head is in a given position, 1 
per cent glucose is more effective than saline 
solution in increasing the relative duration o 
or preference for that position. The relative 
frequency of moves toward that position 10- 
creases, although to a nonsignificant degree 
These findings are consistent with the hy- 
pothesis that reduction of a physiological nee 
is sufficient for reinforcing a habit. 
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EQUAL-REINFORCEMENT VALUES FOR SUCROSE AND GLUCOSE 
SOLUTIONS COMPARED WITH EQUAL-SWEETNESS VALUES! 


NORMAN GUTTMAN? 


Duke University 


A previous study of sucrose as a reinforcing 
agent (4) has shown that the rate of bar press- 
ing of rats under periodic reinforcement is a 
logarithmic function of the percentage sucrose 
concentration used as reinforcing agent, over 
the range of 4 per cent to 32 per cent. On the 
hypothesis that the reinforcing effects of 
sapient substances are related to the magni- 
tude of their effects upon taste receptors, it 
should be possible to predict, for example, the 
relative reinforcing effects of solutions of two 
sweet substances if their relative sweetness is 
known. For humans, isosweetness curves for 
many nutrient and nonnutrient chemical com- 
pounds have been obtained (2), and MacLeod 
(7) has recently redetermined the sucrose- 
glucose isosweetness function over the lower 
portion of the solubility ranges of these sub- 
stances. 

In this study, the reinforcing effects of 
sucrose and glucose solutions for rats are 
studied in the aperiodically reinforced bar- 
pressing situation. For both substances, rate- 
concentration functions over the range from 
2 per cent to 32 per cent are sought in the same 
group of Ss. Quantitative predictions con- 
cerning the relationships of such rate-con- 
centration functions are based upon two prem- 
ises: that equally sweet substances used as 
reinforcing agents will yield equal rates of 
responding, and that the taste receptors for 
sweet are very similar in rats and humans. 
The latter is a tenable assumption on the evi- 
dence that rat preference thresholds and 
human sweet-taste thresholds for sucrose and 
glucose are comparable (9). These premises 
jointly lead to the highly specific prediction 


1 This investigation was supported by research 
grant M-631 from the National Institute of Mental 
Health of the National Institutes of Health, Public 
Health Service, and by a grant from the Duke Uni- 
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2 Acknowledgment is made of the assistance of 
Maurice Siskel, Jr. in carrying out the pilot studies 
prior to this experiment and of Mrs. Paula L. Kipnis 
and Norman J. Wilson in obtaining the data reported 
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that if an isosweetness curve is constructed 
from the rate-concentration curves by select- 
ing pairs of concentration values of the two 
substances which result in equal rates of 
responding, the form and constants of such a 
curve will closely reproduce the curve ob- 
tained by psychophysical means. 


METHOD 
Apparatus 


A set of four identically constructed Skinner boxes 
was used. These boxes and associated recording an 
control units are very similar to those described by 
Guttman and Estes (5). The animal is housed in a metal 
chamber with a transparent roof and a grill floor. This 
chamber is enclosed in a plywood and Celotex box to 
provide sound insulation. The animal's compartment 1$ 
10 in. long by 8 in. wide by 734 in. high. The bar is 4 
rod of 3{g-in. brass which projects 2 in. into the box 
through a hole near one side of the front wall and 
extends along the side wall. The magazine is a solenoid- 
operated dipper which delivers approximately 0.1 ml. 
of solution. The dipper opening is at floor level M in. 
in front of the front wall and 214 in. from the side wal 
opposite the bar. Bar-pressing responses are record, 
by means of a set of graphic cumulative recorders an 
also by means of magnetic counters. The aperlo a 
schedule of reinforcements (1-min, mean interreinforce- 
ment interval) was provided by a Skinner-Gerbran 5 
punched-film programmer. 


Subjects 


Eight male white rats bred in the Duke University, 
Medical School colony were used as Ss. They were 
to 315 days old at the start of the experiment, an 
been used in exploratory studies related to the pre er 
experiment. All Ss were trained to bar press for W# us 
under 22-hr. thirst and were given 1100 continuo. 
water reinforcements at ages 107 to 121 days. This T 
followed by 1 hr. of periodic reinforcement on a 1-797. 
schedule. All Ss were then food deprived and wate 
sated and tested under periodic reinforcement W? 
various sucrose and glucose solutions for twelve days 
Four Ss were then used in a series of further exploratory 
studies in which they were run a total of approxima) rf 
87 hr. under periodic and aperiodic reinforcement SE 
sucrose, glucose, orwaterasreinforcing agents. Theot 
group of four Ss was not used again until the prese? 
study, approximately five months after their initi 
tests. The four very experienced Ss will be pe es 
as the VE group, and the other four as the ME (mos y 
ately experienced) group. All Ss were tzeated identic 
in the present experiment. 


sent 
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Procedure 


Each S was given one 50-min. session of aperiodi- 
cally reinforced bar pressing with each of seven sucrose 
Solutions and seven glucose solutions as reinforcing 
agents. In addition, each S received two 50-min. sessions 
with distilled water. For both sucrose and glucose the 
Concentrations used were: 2.0, 3.2, 5.0, 8.0, 12.7, 20.1, 
and 32.0 per cent by weight. “Percentage by weight” 
here means: 


weight of solute 


weight of solute + solvent gn 


This follows the terminology suggested in (8). The 
Sucrose used was Franklin brand commercial granu- 
lated cane sugar. The glucose was C.P. d-glucose 
(Pfanstiehl). Distilled water was used as solvent. On 
a logi, scale these values are separated by .2 log unit 
Steps. The 16 experimental sessions occurred on suc- 
cessive calendar days, except for session 16 for the 
b group, which was run on the seventeenth calendar 

y. 

To determine the order of presentation of solutions, 
two 8 by 8 orthogonal random latin squares were 
Selected, one for the seven sucrose concentrations, plus 
Water, and one for the seven glucose concentrations, 
Plus water. Animals were assigned to one margin of 
fach square, experimental days to the other margin, 
and concentrations were substituted for the cell entries. 

he first day's treatment for four animals was taken 
pa the sucrose square, and for the other four animals 
ae the glucose square. On succeeding days, the Ss 
eee between the squares. Two of the VE and 
S. o of the ME animals were started on sucrose, and the 

maining four on glucose. 
f During the experiment and for several days pre- 
eding, Ss were restricted to 1-hr. eating of dry Purina 
Pellets immediately after the running time. They had 
Tee access to water in their home cages. 


RESULTS AND DISCUSSION 


The empirical rate-concentration curves 
based on the data for all Ss are shown in 
i igure 1. It can be seen that rate of respond- 
ng for sucrose is everywhere above the rate 
or the corresponding concentration of glucose. 
This is the general relation which must obtain 
is the prediction based upon relative sweetness 

to hold, since sucrose is sweeter for the 

uman observer. 
mE rate-concentration curves for the VE 
to th E groups separately are quit? similar 
ose in Figure 1. The curves for the ME 


n $E ge . 
8roup contain irregularities not present 1n the” 


ata for the VE group, indicating that in this 
ae of experiment the effect of practice is 

gely to improve the smoothness of the 
Unctions, 


The degree of correspondence between the 
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Glucose 


RESPONSES PER MINUTE 


lwoter + Magazine Sound 
! *2.15 Responses/Minute 


3 5 7 9 n 13 \S 


LOG PERCENT CONCENTRATION 
Fic. 1. Rate of bar pressing as a function of con- 
centration of reinforcing agent for all 8 Ss 


TABLE 1 
Percentage Concentrations of Sucrose and Glucose 
Judged Equally Sweet by Three Human Ss (Mac- 
Leod) and Estimated to Yield Equal Rates of Bar 
Pressing by Rats 


Equal Sweetness Equal Rates of Bar Pressing 


Sucrose Glucose Sucrose Glucose 
1.88 4.24 2.0 4.0* 
4.82 7.88 4.8 6.9* 
9.18 11.78 9:2 12.0* 

21.18 22.05 15.9* 22.0 


* Value read second. 


present data and those obtained in human 
equal-sweetness experiments may be seen in 
Table 1, where the four pairs of sucrose and 
glucose concentrations judged equally sweet 
by MacLeod's three Ss are listed (7). Since 
MacLeod specified his concentrations in terms 
of grams of solute in 100 cc. of solution, his 
percentages have been converted to the present 
scale by the use of specific gravity tables. For 
sucrose, the density table in the Handbook of 
Chemistry and Physics (10) was used. For 
glucose, densities were obtained by means of 
the formula: d = 0.99840 + 0.003788% 
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+ 0.000014127?, where d = density, and 
p = percentage by weight. This function is 
taken from Bates (1, p. 552). To obtain com- 
parable values from the present rate-concen- 
tration data, the empirical (unsmoothed) rate- 
concentration curves were plotted on large 
semilog paper which permitted interpolation 
with an accuracy of .1 per cent for values up 
to 20 per cent. The first three pairs were read 
from the sucrose curve across to the glucose 
curve at given values of rate, and the fourth 
pair was read in the opposite direction. It can 
be seen that the present values are a very 
close match for the first three values reported 
by MacLeod, whereas the fourth pair does not 
correspond. The first three pairs are obviously 
only a sample from an indefinitely large set of 
comparably good matches which might be 
drawn from the nearly parallel portions of the 
rate-concentration curves. Only those por- 
tions of the rate-concentration curves which 
overlap on the rate axis can furnish equal- 
reinforcement comparisons, but at the upper 
end of this range, the values are disparate 
from those of MacLeod. 

The lack of correspondence between the 
present findings and those of MacLeod must 
be considered in the light of several factors. 
Where the correspondence is best, between 
about 2 per cent and 15 per cent sucrose, and 
about 4 per cent and about 20 per cent glucose, 
the present data do not differ from MacLeod’s 
by more than the various sets of equal- 
sweetness results differ among themselves. 
Above this range, there is diversity of findings 
among the results on humans. Dahlberg and 
Penczek (3) and MacLeod report a value of 
concentration for which the sweetness of the 
two substances is equal, just below 40 per cent 
and just below 25 per cent, respectively. On 
the other hand, Cameron (2) and Lichtenstein 
(6) present isosweetness curves which indicate 
no point of convergence of sweetness, and the 
present results are in qualitative agreement 
with this alternative. Quantitatively, Cam- 
eron’s isosweetness relation indicates that 22 
per cent glucose is matched by about 17 per 
cent sucrose (rather than by 21 per cent as 
found by MacLeod). Although there is agree- 
ment between one selected set of sweetness 
results and the reinforcement results at this 
point, it must still be borne in mind that com- 
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parisons based upon the upper portions of the 
rate-concentration curves are relatively un- 
satisfactory and, what is more, tenuous, since 
there are indications that the upper portions 
of these curves are probably relatively un- 
reliable compared with their more linear 
middle portions. The previous study on sucrose 
cited above (4) yielded a monotonic, relatively 
linear rate-concentration function up to 32 per 
cent, and in all the present pilot studies, both 
sucrose and glucose functions were monotonic 
up to 40 per cent. In effect, questions of re- 
liability of both sets of data preclude for the 
present any final statement regarding the 
confirmation of the experimental hypothesis 
for higher concentration values. 

A point of interest concerns the reinforce- 
ment thresholds for sucrose and glucose. The 
reinforcement threshold has been defined 4) 
as that value of reinforcing stimulation which 
will produce conditioned response streng 
just in excess of the unconditioned strength of 
that response. In the present instance, rem- 
forcement thresholds might be estimated bY 
extrapolating the rate-concentration functions 
toward the origin and finding their respective 
intercepts with the base line established by the 
background stimulation provided by water 
and the operation of the magazine. Since the 
present curves are not linear, such extra- 
polations have not been attempted, but it can 
nonetheless be seen that the reinforcement 
threshold for sucrose is probably lower tha? 
that for glucose. This is consistent with 
relation between the absolute sensory thresh- 
olds for these substances in humans. Moreover 
it is not incautious to suggest that the value 
of the absolute limens (about .5 per cent +° 
sucrose, and about 1 per cent for glucose. 
would provide approximately correct interceP 
for the present rate-concentration curves o 
the water + magazine sound base line (Fig: 1). 


SUMMARY AND CONCLUSIONS 


An attempt was made to see whether the 
relative teinforcing values of sucrose an 
glucose solutions for rats in the aperiodic " 
reinforced bar-pressing situation are consisten 
with the relative sweetness of various concen- 
trations of sucrose and glucose for human 9 : 
servers. Four very experienced and foie 
moderately experienced rats were given OP 
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50-min. test on each of seven sucrose and seven 
glucose concentrations, plus two tests with 
water reinforcement. Rate of bar pressing was 
found to be an increasing function of concen- 
tration of both substances, with the rate for 
Sucrose always above that for glucose at a 
given concentration. Between about 2 per cent 
and 15 per cent sucrose, and between about 
4 per cent and 20 per cent glucose, the pairs of 
concentrations which yield equal rates of re- 
Sponding are in close agreement with the 
Pairs judged equally sweet by human Ss. 
Above these ranges, the correspondence is 
relatively inexact. The findings are con- 
Sidered compatible with the theoretical ex- 
Pectation that the effects of reinforcing stimuli 
upon receptors are closely related to their 
reinforcing properties. 
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ACTIVITY AS A FUNCTION OF A RESTRICTED FEEDING SCHEDULE 


JOHN F. HALL anp PETER V. HANFORD 


The Pennsylvania State University 


A previous study (3) indicated that when 
albino rats were placed on a feeding schedule 
of 23-hr. deprivation and 1-hr. feeding, their 
activity increased as a negatively accelerated 
function of the number of days of restricted 
feeding. This was in sharp contrast to the 
relatively constant level of activity for con- 
trol animals on an ad libitum feeding schedule. 
These findings would seem to question the 
implicit assumption found in many learning 
experiments that equal, daily periods of dep- 
rivation do not result in any systematic 
change in strength of drive. 

One possible defect of the previous study, 
however, was that the data were obtained 
from animals which had been deafened. Al- 
though this was done to prevent any social 
facilitating effect which the noise of the turn- 
ing wheels might have had upon the activity 
of the animals, it is conceivable that the sur- 
gical techniques utilized in the deafening 
process or the resultant sensory deprivation 
might have contributed to the experimental 
findings. Thus, generalization to normal ani- 
mals becomes somewhat tenuous. It was the 
purpose of the present study to replicate the 
previous study utilizing nondeafened animals. 

It would also seem that this study, as well 
as the previous one mentioned (3), has rele- 
vance to a recent study by Campbell and 
Sheffield (1). These authors have challenged 
the commonly held assumption that “increased 
‘drive’ produces increased random activity.” 
Their hypothesis is that “drives involve 
lowered thresholds to external stimulation,” 
and from this they predict there should be 
“little change in activity in an animal in a 
drive state unless there were some external 
stimulation." 'They dismissed those studies 


which had previously indicated a functional - 


relationship between strength of drive and 
activity (5, 6) by pointing out that no specific 
attempts were made in those studies to main- 
tain a constant environment. 


METHOD 


Subjects 


The Ss were 20 male albino rats, aged 90 to 100 days 
at the beginning of the experiment, obtained from the 


animal colony of the Pennsylvania State University. 
Three animals from the experimental group and one 
from the controls died during the course of the experi- 
ment.! As a result, the final N was 16, which consisted 
of 7 experimental and 9 control animals. 


Apparatus and Procedure 


Only a brief outline of the procedure will be pre- 
sented inasmuch as it has been described previously 
(3). The number of activity wheels (ten) necessitated 
the running of the study in two consecutive sessions in 
order to provide a suitable N. The apparatus consisted 
of ten standard Wahmann activity drums equated for 
frictional torque by the method of Lacey (4). The drums 
were located in a light-tight room and upon a macad- 
amized floor. Room temperature throughout the ex- 
perimental period was recorded continuously with a 
thermograph. The temperature averaged 72° with a 
range of 65° to 75°. Daily fluctuations rarely ex- 
ceeded 2°. 

The animals were first randomly assigned to 
experimental or control group and then placed in the 
wheels; each session originated with five experiment 
and five control animals. The animals were then given 
an adaptation period of 14 days. Food and water were 
continuously available during this period. Immediately 
following the adaptation peroid, the base period began. 
This consisted of a seven-day period in which the room 
was isolated and darkened except for a daily 1-hr. 
period under full illumination (10:30 a.m. until 12: 
m.). During this time counter readings were taken; the 
animals weighed, and food and water replenish 
Food and water were continuously available during t 
base period. The experimental period immediately 
followed the base period and continued for 21 days. 
control animals continued on the base period regime i 
The experimental animals were placed on a Heure m 
feeding schedule and permitted access to food only m 
11 A.M. until 12 m. each day, Water was continuou 
available during this period. 


the 


RESULTS AND DISCUSSION 


Each animal’s base rate (in revolutions per 
day) was obtained by totaling the number © 
recorded revolutions during the seven- By 
base period and dividing by seven. The «y 
mal’s activity for each experimental day V? 


! An incidental and somewhat puzzling finding “i 
to do with the deaths occurring in the experimen! 
group. It seems unusual to have 30 per cent O 
experimental population die during the course 0°. 
experiment. Two previous studies (3) show 
findings, however. The behavior of these animals, her 
approximately three days prior to their death, enim 
the general rise in activity of the norinal experime d 
animals. At this time, their activity level increas d 
markedly and continued on a high level until dea! 


9 362 


ACTIVITY AND FEEDING SCHEDULE 


DAILY MEANS 


1000 


Fic. 1. Mean daily running activity, in percentage 
9f base rate. Broken curve, Exp. II (3); solid curve, 
Present experiment. 


divided by the base rate in order to obtain a 
daily figure expressed in terms of a percentage 
of the base rate. 

The large difference between the variances 
of the experimental and control groups necessi- 
tated the use of the Festinger technique (2) 
to test for differences in activity. Each ani- 
mal’s daily running activity, in percentage of 
base rate, was totaled and a mean obtained 
for the 21-day period. Appropriate rankings 
based on these means were then given to the 
experimental and control animals. Results 
Indicated that the difference between the 
experimental and control groups was signifi- 
Cant beyond the .01 level of confidence. 

The means for the experimental and con- 
trol animals for each day of the experimental 
Period are indicated in Figure 1, along with 
the means of the previous study (Exp. I, 3) 
which utilized deafened animals. Statistical 
analysis, as well as inspection of these curves, 
Supports the position that the deafening pro- 
cedure and subsequent sensory deprivation 
did Not result in the production of significant 

ifferences between the two experimental or 
the two control groups. 

The results tend to extend and lend further 
Support to the previous findings that a re- 
Stricted feeding schedule results in increased 
activity, and presumably increased drive 
Strength. It is difficult to reconcile these 

dings with the hypothesis proposed by 
Campbell and Sheffield (1). It will be recalled 
n at these authors stated there should be 
ae change in activity in an animal in a 
S. State unless there were some external 

mulation.” Constant external environments 


Were present aad yet significant differences in . 


activity were produced as a function of differ- 
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ent drive strengths. Furthermore, it would 
seem that the Campbell-Sheffield hypothesis 
would predict that the decreased external 
stimulation for the deafened animals would 
result in a lowering of their activity as con- 
trasted with the normal animals. This is not 
supported either in the experimental or con- 
trol groups. It is possible that the exceedingly 
short interval of time that activity was re- 
corded (10 min. per day for seven days) has 
resulted in their particular findings, or that 
the effect of auditory stimulation on activity 
is different from that of visual stimulation. If 
the latter is true, the generality of the Camp- 
bell-Sheffield hypothesis would seem to be 
considerably restricted. 


SUMMARY 


'The present study was an attempt to deter- 
mine the activity level of nondeafened albino 
rats placed on a restricted feeding schedule. 
Nine control animals were given free access to 
food and water; seven experimental animals 
were given free access to water but had 23-hr. 
daily food deprivation. The activity of the 
control group remained relatively stable, but 
the mean daily activity of the experimental 
group increased markedly. These findings 
showed marked similarity to a previous study 
which had used deafened animals. The results 
extend the findings of the previous study as 
well as question a recent theory of drive pro- 
posed by Campbell and Sheffield. 
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REINFORCEMENT VS. CONSISTENCY OF EFFECT IN HABIT MODIFICATION' 


NORMAN R. F. MAIER anp PAUL ELLEN 
University of Michigan 


When one attempts to train an animal to 
make a second response to a situation after it 
has already acquired an initial response, a 
factor not present in the initial learning must 
be considered. This is the interference of the 
previous learning with subsequent learning. 
When two situations demand different re- 
sponses, the interference is at a minimum, 
but when one keeps the perceptual situation 
the same and wishes to substitute one re- 
sponse for another, the interference is maxi- 
mum. What is the nature of the interference? 
One view, expressed by Spence (6), states that 
a second habit will supersede a first one when 
the second has been made the stronger of the 
two. According to this view the first habit 
would be replaced rather than destroyed by 
this subsequent learning. Reversing the process 
again would be a matter of further altering 
relative excitatory values. 

Another view would be to consider the re- 
placement a two-step problem, one being the 
destruction or the avoidance of the first habit, 
the other being the building of the second 
habit. Viewed as a two-step phenomenon, 
certain motivational and perceptual compli- 
cations present themselves. One of these has 
to do with the way an animal's expectations 
are related to consequences. 

The present experiment is an attempt to 
explain the problem of learning when one re- 
sponse is replaced by another, and in particu- 
lar, to determine whether the concept of rein- 
forcement is adequate for accounting for the 
acquisition of learning that is in conflict with 
previous training. om 

It readily becomes apparent that if animals 
have learned a first response, an attempt to 
alter this response may still lead to partial 
reinforcement. For example, if one wishes to 
change a discrimination response from a 
spatial to a nonspatial one, animals will still 
be rewarded for the spatial responses every 
time the positive card is on the side of the 


1 This study was aided by a grant to the senior author 
from the Horace H. Rackham School of Graduate 
Studies. 


- per day. If an animal showed a preference for ei 


spatial response. Although the animal will be 
punished just as often as it is rewarded, it is 
not safe to assume that these two effects will 
neutralize each other. 

In order to explore this problem we may 
introduce different ratios of reward and pun- 
ishment for practicing the old response. From 
a reinforcement viewpoint reward-punishment 
ratios of 80:20 and 20:80 differ more from each 
other than either differs from a 50:50 ratio; 
but from the viewpoint of consistency of ef- 
fect the extreme ratios are more like each 
other than either is like the 50:50 ratio. The 
notion of consistency of effect assumes that 
learning depends upon the ease with which an 
animal can learn what leads to what. The two 
extreme ratios lead to the same thing (reward 
or punishment) on 80 per cent of the trials, 
but the 50:50 ratio isas inconsistent as possible. 
The reinforcement viewpoint emphasizes the 
nature of the effect and makes the degree of 
consistency secondary. 


METHOD 
Subjects 


Forty-nine animals were used in this study. They 
were taken from the stock maintained in our laboratory 
and were between 120 and 180 days old at the beginning 
of the preliminary training period. These were div} P 
into three groups. Group A contained 15 rats; group ie 
20 rats; and group C, 14 rats. A split-litter techniq 
was used to divide them into the three groups. In ober 
to make group B somewhat larger (to allow anor) e 
subdivision) than the other two groups six ©! 
Seven animals remaining were placed in group 
1 in group A. 


Apparatus 


A modified Lashley jumping discrimination ap! 
tus was used (1, 2). Two stimulus cards were employ! 
throughout the experiment: one contained @ W: cle 
circle on a black background, the other a black cir 
on a white ^»ackground. 


Procedure 


ing of 

Preliminary training for all animals. The taming at 

rats and the methods for training them to jonh pis 
cards were standard (1, 2, 5, 6). In all phases © 


eh 4 jals 
preliminary training, the animals received bot. of 


para- 


the cards or sides, it was guided with the hand ® 
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forced to jump to the alternate side or card. The 
stimulus cards were moved from side to side in a pre- 
arranged random order so that all animals experienced 
jumping to both cards and to both windows an equal 
number of times. 

Training of initial position habit. In establishing 
Position responses in all of the animals, the method of 
changing stimulus cards from side to side was continued, 
but whichever card happened to be placed on one of the 
sides (right or left) was consistently locked, whereas 
the card placed in the opposite window was always un- 
locked. When the unlocked window was chosen, the 
card fell over and admitted the rat to the feeding 
platform, but when the locked window was chosen, the 
rat received a bump on the nose and fell into a net 2 ft. 
below. The side rewarded was the one the animal 
jumped to on the first experimental trial (both windows 
were unlocked). This training was continued for 16 
days with ten trials a day. 

Training on discrimination habit. This is the crucial 
Part of the experiment. All animals were required to 
give up their position habits and to adopt a discrimina- 
tion response. The card containing the white circle on 
the black background was made the positive stimulus, 
and the card containing the black circle on the white 
background was made the negative stimulus. 

Three methods for changing the spatial to the non- 
spatial habit were utilized. Each of groups A, B, and 
C was trained by the method given the same designa- 
tion, 

Method A was designed to set up a reward-punish- 
ment ratio of 80:20 for practicing the previously learned 
Position response and at the same time to offer consis- 
tent reward for the new discrimination response. In 
order to accomplish this, the positive card was placed 
on the side of the animal’s position habit on eight out 
of ten trials given daily and on the side opposite the 
Position habit on the other two trials (the fifth and the 
tenth). As a result, an animal that expressed its position 
response was rewarded eight times and punished two 
times on each day. 

Method B was designed to set up a reward-punish- 
ment ratio of 50:50 for the position response and to 
Offer reward for all correct responses. Accordingly, the 
Positive card was placed on the side of the animal's 
Position habit on five out of ten trials, and on the op- 
Posite side on the other five trials. In this instance, 
animals practicing the old position habit were rewarded 
five times and punished five times on each day. Two 
Variations of the 50:50 reward-punishment ratio were 
Used. For half the animals the negative and positive 
Cards were on the "position" side on alternate trials; 
for the other half the positive card was on the “posi- 
tion” side for the first five trials of a day and on the 
Opposite side for the last five trials. 

Method C was like Method A except that the positive 
Card was on the “position” side on two trials per day 
(the fifth and the tenth) and on the opposite side’ on 
eight trials. This, of course, resulted in rewarding a 
an response twice and punishing it eight times 

ly. 

Twenty days of ten trials per day were allowed for 
changing the position habit to the discrimination re- 
Sponse. Our previous research (4) has shown that if the 
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TABLE 1 
Acquisition of Position Habit 
Response Av No. 
Group | Nf | Learned | “Trials Res | Per Cent of 
mals |——————— sponse Prac- | Total Trials 
Right| Left ticed 
A 15 7 8 159.3 99.5 
B 20 4 16 159.7 99.8 
C 14 8 6 159.1 99.4 


animals are unable to abandon their position habits 
within this period, they rarely do so with hundreds of 
additional trials. 

Rats that never once deviated from their position 
responses were classified as fixated. The criterion for 
abandoning the position response was a single exception 
to a strict position response. This criterion is more 
meaningful in practice than it appears at first glance. 
An animal that violates its position response continues 
this for a period and then either Jearns the new response 
or reverts to a position response (sometimes the old 
one, sometimes the opposite). The criterion for learning 
the required response was 30 consecutive errorless trials. 


RESULTS 
Formation of the Position Habit 


Table 1 shows the breakdown of the data 
in terms of the groups. At this stage of train- 
ing, all groups were treated alike, so the 
similarities obtained are to be expected. We 
do not know why group B developed more 
left-going position habits than groups A and C. 

The fact that there was such a rapid ac- 
quisition of the position habits in all groups 
suggests that the response chosen on the 
first experimental trial corresponded with the 
natural preference of the animals. The position 
habits formed by rewarding the responses 
chosen on the first trial should not be con- 
fused with position stereotypes formed in an 
insoluble problem situation (4). 


Modification of the Position Habit 


Table 2 presents the data on the modifica- 
tion of the position habit by the three different 
reward-punishment ratios in terms of the 
number of rats persisting in the position habit 
(ie. developing fixations) and the number 
able to change. Two measures or criteria of 
change are used: (a) the proportion that gave 
up their position habits, and (6) the proportion 
that adopted the discrimination response. The 
second criterion is more strict than the first 
since an animal might give up a position re- 
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TABLE 2 


The Influence of Three Reward-Punishment Ratios on 
the Modification of Behavior 
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TABLE 3 


Analysis of Learning Produced by Varying 
Reward-Punishment Ratio 


No. of Rats 


ats | No. of Rats 
"f Abandoning * 
Reward-Punishment BUR Position iiim 
Tato Position Habit] Habit but | fon Re- 
ing sponse 
Method A 6 (40.0%)|2 (13.3%)|7 (46.7%) 
(80:20) 
Method B 14 (70.0%)|2 (10.095)|4 (20.0%) 
(50:50) 
Method C 4 (28.5%)|4 (28.6%)|6 (42.9%) 
(20:80) 


sponse and still not learn the discrimination 
response. 

General inspection of the table reveals that 
no method of training was successful in caus- 
ing all animals to abandon the position re- 
sponse. However, the proportion of animals 
that persisted in their position responses 
(ie. fixated) did vary. It is clear that a 
linear trend demanded by reinforcement con- 
cepts does not occur. Rather, Method B 
produced a greater proportion of fixations 
than either of the extreme conditions. If we 
combine the data of Methods A and C, we 
find the number of fixations to be significantly 
less than the number obtained with Method B 
(chi square with 1 df and corrected for con- 
tinuity equals 7.72, which is significant at the 
1 per cent level). 

A. similar picture is obtained if we use the 
more strict criterion: the number of animals 
that actually learned the discrimination re- 
sponse under the three methods. The last 
column of Table 2 shows the percentage of 
learners with Method B to be less than half 
as large as with the other methods. If the 
results of Methods A and C are combined, the 
results differ significantly from those of 
Method B (chi square of 5.91, significant at 
the 2 per cent level). 

Let us next examine the learning scores of 
the animals that learned the discrimination 
response. Table 3 presents the data on the 
number of trials required for the abandoning 
of the position response (lenient criterion) as 
well as the number of trials required for the 
acquisition of the discrimination habit (strict 
criterion). It should be noted that we are 
dealing only with the rats not persisting in 
their position responses. 


Average No. 
of Trials 


(First Vio- Average No. of Trials 


to Learn Discrimina- 


Reward-Punishment Ratio | lation) to don E ive of 30 
Abandon | "tern Trials 
Response 
Method A (80:20) 90.4 114.3 (80-140) 
Method B (50:50) 58.3 90.0 (70-110) 
Method C (20:80) 28.0 101.6 (30-150) 


The second column of Table 3 presents the 
average number of trials required for aban- 
doning (first violation) the position response. 
In this instance Method C is best and Method 
A is poorest. The difference between Method 
A and Method C yields a / value of 5.33 
which for 17 df is significant at the 1 per cent 
level. The differences between Methods A and 
B (13 df) and between Methods B and C 
(14 df) yield ¢ values of 2.03 and 2.13, re- 
spectively. These values are significant at the 
5 per cent level. It is clear that the rate of 
abandoning a position habit is directly related 
to the frequency with which the position habit 
was punished. Here a linear relationship holds 
as reinforcement concepts demand. However, 
this effect does not apply to all rats, only to 
those that did not fixate. 

When the number of trials required for 
learning the discrimination habit is considered, 
a different trend occurs. On the basis of this 
criterion Method B is best and Methods 4 
and C approach each other. The third column 
Shows the averages and the ranges in these 
measures. 

The most significant difference between the 
groups is the difference between Methods 
and B, and this difference is significant at the 
5 per cent level (¢ = 2.11). Since the trend 15 
opposite to that obtained when the percent- 
age of learners is used as a criterion, it is clear 
that a possible difference in the difficulty of 
the learning problem confronting each group 
is excluded. The trend in the data also is 1? 
opposition to an interpretation in terms 9 
reinforcement. v k 

Another measure of learning available it 
this«study is the appearance of differentia 
abortive behavior (2, 4, 5). Animzls soon lear? 
to protect themselves in jumping to the cards 
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TABLE 4 
Frequency of Differential Abortive Jumping 
P show-| ‘Differential 
Methoa | Number of | Per Gent Sho | Patent 
Abortive Jumps Jumps 
Appeared 
A 15 33.3 8.6 
B 20 70.0 6.1 
C 14 71.5 6.8 


by striking the cards with the sides of their 
bodies rather than their noses. When they 
jump abortively more often to the negative 
than to the positive card, they are expressing 
a discrimination between the cards. 

Table 4 shows the number of animals that 
expressed their discrimination learning in this 
manner. It is apparent that in this instance 
Method A is the poorest training procedure 
and that Methods B and C are approximately 
equal. (The biggest difference is significant at 
the 6 per cent level, so these data should be 
considered as suggestive only.) 

Since Methods B and C produced similar 
results in the abortive jumping, it seems rea- 
sonable to suppose that abortive jumping is 
the animal’s simple defense against punish- 
ment. When punishment is fairly frequent, it 
comes to expression, but when it is rare, as in 
the case of Method A, most animals are not 
motivated to express their learning by jump- 
ing abortively. 

Finally, the nature of the results obtained 
with the two variations of Method B should 
be considered. The purpose of these two varia- 
tions was to determine whether or not the 
frequency with which a card was changed in 
a window influenced the degree to which its 
Properties would be noticed. 

No differences were obtained between the 
two variations with respect to the number of 
animals (a) persisting (seven for each varia- 
tion), (b) abandoning position responses but 
Not learning (one for each variation), or (c) 
learning the discrimination habit (two for 
€ach variation). ` 

It follows that if making one exchange of 
the cards in a window produces the same re- 
Sults as making nine exchanges, the frequency 
of exchanges had no bearing on our results. 
Thus Methods A and C, which had three ex- 
changes each, did not produce results different 


367 


from Method B because the stimulus cards 
were exchanged between windows more or less 
often. 


DISCUSSION 


In evaluating the effectiveness of three re- 
ward-punishment patterns in causing rats to 
change their spatial to nonspatial habits, the 
following six measures of learning were used: 
(a) the number of animals persisting in their 
initial responses, (b) number of animals adopt- 
ing the second response, (c) the number of 
trials required to give up the first response, 
(d) the number of trials required to adopt the 
second response, (e) the number of animals 
showing differential abortive jumping, and 
(f) the number of trials required to develop 
differential abortive jumping. In only one of 
these measures was the linear relationship 
demanded by pure reinforcement obtained. 

This measure demonstrated that, among 
animals that learn, the speed with which they 
abandon a response varies directly with the 
proportion of punishment (see Table 3). How- 
ever, even among these animals that learned, 
there was no indication that the acquisition of 
the new response was aided by the rapid 
abandonment of the old one. Therefore, the 
time gained in getting an animal to abandon 
an old response was not successfully used in 
developing a new response. This makes one 
question whether or not the reinforcement 
pattern was conducive to learning after all. 

Far more important in determining the be- 
havior of animals in this study was a per- 
ceptual factor. When the reward-punishment 
pattern was either 80:20 or 20:80, signifi- 
cantly more animals gave up their old habits 
than when the reward-punishment pattern was 
50:50. The 80:20 and the 20:80 patterns are 
cognitively alike in that whatever happens in 
connection with a choice the animal makes 
happens with the same degree of regularity. 
To be accurate one should say that regularity 
is more important to learning than the differ- 
ence between reward and punishment. 

This does not mean that reward and pun- 
ishment have an equal effect on the animal. 
Rather, their similar effect is on the animal’s 
learning. Once an animal has learned, it uses 
this learning to satisfy needs. A rat expresses 
its preference and makes choices, but these 
are problems in motivation. In the present ex- 
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periment the animals avoided punishment by 
abandoning the position habit the most quickly 
by the method that gave punishment most 
frequently. This does not mean they learned 
more quickly, but the need to do something 
about what they knew was more urgent. Un- 
der the most punished condition, the animals 
that learned avoided the position response 
after an average of 28 trials, but they did not 
solve the problem until 101.6 trials had elapsed 
(an interval of 73.6 trials). Under the least 
punished condition the position response was 
not avoided until an average of 90.4 trials 
had elapsed and then the problem was solved 
after 114.3 trials (an interval of 23.9 trials). 
Is it not more reasonable to interpret these 
data in terms of the needs to act in certain 
ways than in terms of the amount of knowl- 
edge acquired? 

Another manner in which the animals ex- 
pressed their dislike of punishment was by 
their attempts to avoid it. Abortive behavior 
(striking the card with the side of the body) 
is the most common method used by rats. 
Abortive jumping was least pronounced under 
Method A where punishment was minimum, 
but it was about equally frequent for Methods 
B and C where punishment was given on 50 
and 80 per cent of the trials, respectively. 

But why did not abortive behavior continue 
to increase as punishment increased from 50 
to 80 per cent? It may be that 50 per cent 
punishment is frequent enough to produce 
maximum motivation or that Method B is best 
for learning (as shown in Tables 3 and 5) and 
Method C is most motivating for abortive 
jumping. Since each has one of these two 
advantages over Method A, both produce 
more frequent differential abortive behavior 
than Method A. 

This analysis of the way the rats responded 
to the problem situation applies only to 
those which did not become frustrated. The 
frustration-fixation hypothesis (4) seems 
needed to account for the failures to give up 
the position habit in all the groups. According 
to this view each animal has a frustration 
threshold. When frustration occurs, problem- 
solving behavior is replaced by fixated be- 
havior. Method B appeared to frustrate more 
animals than the other two methods, and at 
the same time it was most conducive to rapid 
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learning. A similar condition has been de- 
scribed previously (2, 4, 5) and was partly 
responsible for defining frustration in terms of 
the animal’s physiological condition. 

This experiment does not give a clear-cut 
picture of all the factors that operate when a 
rat changes its behavior from a position re- 
sponse toa discrimination response. However, 
one thing seems clear: the modification of 
behavior is not merely a study of reinforce- 
ment increments. If it were, the conclusion as 
to which of the three reward-punishment 
patterns tested was best would depend upon 
which of the several criteria used to measure 
change was selected. However, if we consider 
motivation, perception, and learning to be 
independent variables, all of which influence 
performance, the data do not appear self- 
contradictory. It is possible therefore for: (a) 
some rats to fail to show abortive jumping 
when punishment is infrequent even when 
they have learned the discrimination (see 
Tables 2 and 4); (b) frequent punishment to 
make for the giving-up of an old response long 
before a new one has been learned (see Table 
3); and (c) rats to continue a position response 
even after a card response has been learned 
(see Tables 2 and 4). 

The weakness of pure reinforcement theory 
is that it combines motivation, association 
formation, and perception into a single concept. 
In order to make this oversimplified concept 
fit data at all, it has been necessary to over- 
simplify learning problems. In being ove! 
anxious to find a general principle that wou 
incorporate several others, we may have closet 
the door to the full exploration of an organism 5 
behavior potentialities. 


SUMMARY 


Position habits in a Lashley discriminatio? 
apparatus were developed in a total of 49 rats: 
Although different stimulus cards were place 
in the windows, each of them was rewarde 
randomly. When position habits were practice 
for approximately 160 trials, the animals wer? 
required to learn to respond to a particular 
card, regardless of the side that it was 0° 
Thus the animals had to change a spatial habit 
to a,nonspatial one. 

. Three methods for changing the response 
were used. These methods varied the propo" 
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tion of trials that the old response was re- 
warded and punished. In each instance, how- 
ever, the correct response was rewarded on 
every trial that it was practiced. 

The reward-punishment ratios used were as 
follows: Method A, 80:20; Method B, 50:50; 
and Method C, 20:80. 

Various criteria of measuring the relative 
superiority of the three methods were used. The 
results obtained are as follows: 

1. None of the methods caused all the rats to 
give up their old responses. 

2. In terms of the number of rats giving up 
the old response and the number learning the 
new, Methods A and C are about equal and 
together they are significantly superior to 
Method B. 

3. In terms of the number of trials required 
by the learners to give up the old response, 
Method C is best and Method A is poorest. 

4. Tn terms of the number of trials required 
by the learners to adopt the new response, 
Method B is best and Method A is poorest. 

5. In terms of the number of animals showing 
differential abortive jumping, Methods B and 
C are equal and superior to Method A. 

6. In terms of the average number of days 
required for abortive jumping to appear, 
Method B is best and Method A is poorest. 


From the point of view of reinforcement 
theory, these data are contradictory, and only 
the third point supports the concept. A 
perceptual factor, which we called consistency 
of effect, seems to be more important and basic 
for explaining the results. According to this 
concept reward-punishment patterns of 80:20 
and 20:80 are alike—only the type of effect 
differs. However, motivational concepts, frus- 
tration threshold, and association formation all 
played a part in the interpretation of the data. 
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THE ACQUIRED REWARD VALUE OF AN INTERMITTENTLY 
PRESENTED NEUTRAL STIMULUS! 


WILLIAM H. MELCHING 
University of California at Los Angeles? 


The concept of secondary reinforcement has 
become an important aspect of psychological 
experimentation and theorizing within the 
past few years. It has been demonstrated in a 
variety of situations employing several classes 
of organisms. 

The usual definition of secondary reinforce- 
ment states that previously neutral stimuli 
which are associated repeatedly and con- 
sistently with a reinforcing state of affairs 
will eventually become reinforcing themselves. 
This is the definition to which Hull subscribed, 
and its formulation in this manner is generally 
attributed to him. In a recent presentation of 
his system he defined secondary reinforcement 
in this manner: “A neutral receptor impulse 
which occurs repeatedly and consistently in 
close conjunction with a reinforcing state of 
affairs, whether primary or secondary, will 
itself acquire the power of acting as a rein- 
forcing agent” (5, p. 28). 

Many experiments have indicated that 
secondary reinforcement is capable of in- 
fluencing the behavior of the rat. Two early 
experiments were those of Skinner (13) and 
Bugelski (2). Many others may be cited. A 
list of studies dealing with a demonstration of 
secondary reinforcement can be found in 
Miller (8). 

Secondary reinforcement has received atten- 
tion in theory, too. Spence (14) has suggested 
that it accounts for all learning under condi- 
tions in which delay of primary reinforcement 
occurs. Hull (5) has utilized secondary rein- 
forcement as an important corollary in his 
system, and Seward (11) has employed the 
concept in his theoretical formulations. 

In addition to experiments which aimed at 
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a demonstration of secondary reinforcement, 
there are several recent experiments which 
were designed to offer a more specific defini- 
tion of the principle by investigating some of 
the conditions deemed necessary for its de- 
velopment. These investigations (1, 6, 10) 
were directed toward a determination of the 
influence of temporal factors in the develop- 
ment of secondary reinforcement. 

One aspect of the definition has apparently 
not been studied, and its investigation was 
undertaken here. The definition is not ex 
plicit with respect to what is involved in pre- 
senting a neutral stimulus repeatedly and 
consistently. If it is assumed that repeat 
and consistent can be varied independently, 
the role of each factor in the development of 
secondary reinforcement can be subjected to 
study. In the present experiment, the repeti- 
tion of the neutral stimulus was varied while 
the consistency (i.e., duration, intensity, and 
temporal distance of the stimulus from rein- 
forcement) was held constant. Specifically, the 
experiment was an attempt to determine 
whether a neutral stimulus intermittently 
presented with primary reinforcement coul 
become a secondary reinforcer. 


METHOD 
Subjects 


Sixty naive female hooded rats were employed 1? 
the experiment. They were obtained from the anim? 
laboratory maintained by the University of Californi 
at Los Angeles. On the first day of training they range 


in age from 77 to 119 days; the average age was 
days. 


Apparatus 


A modified Skinner box constructed of 1-in. Pine 
Wood was employed. The inside dimensions of the bo* 
were 10 by 10 by 12 in. On one side of the box a brass 
rod ‘}4-in. in diameter projected into the box a distance 
of 1 in. Its resting position was 3 in. from the floor ° 
the box. A small metal food tray was located at 
base of the opposite wall. A plastic tube was inserte 
in an opening 4 in. in diameter 1 in. above the t12* 
aad this permitted the introduction oi food pellet? 
The inside of the box was painted dull gray. 
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REWARD VALUE OF AN INTERMITTENT NEUTRAL STIMULUS 


The presence of the neutral stimulus, a buzzer, was 
controlled by E. When the buzzer switch was closed, a 
bar response caused the buzzer to sound. When the 
switch was open, a bar response did not cause the buz- 
zer to sound. A bar depression activated a condenser 
timer-relay circuit, and if the buzzer switch was closed, 
the buzzer sounded for 1 sec. A weight of 12 gm. was 
Mei to close the circuit. When the procedure called 
or absence of the buzzer, a small light connected into 
the circuit informed E when an adequate response had 
been made. 


Procedure 


A period of five days was allotted for the develop- 
ment of a 24-hr. hunger rhythm prior to the time Ss 
Were required to press the bar for food. On each of the 
first three days of this period all Ss were permitted ac- 
Cess to food in their home cages for 1 hr. This feeding 
rhythm was maintained throughout the entire experi- 
ment. The dict consisted of small pellets of dog food. 

On the fourth and fifth day, Ss were placed in the 
apparatus in groups of 3, 4, or 5 and allowed to eat for 
5 min. The bar was not present. On the fifth day, after 
S had eaten in the box in a group, it was again placed 
in the box, this time by itself. It was now allowed to eat 
10 pellets dropped down the chute. The pellets were 
dropped one at a time at approximately 1-min. in- 
tervals. When all pellets had been consumed, S was 
placed in an individual feeding cage. 

Training lo bar. Training with the bar present began 
9n the next day. The Ss were required to press the bar 
in order to obtain a pellet of food. Each S received ten 
trials per day for four days. Those Ss that failed to press 
the bar ten times within a 20-min. period on either 
Lek third or fourth day of this training were discarded. 

he buzzer did not sound for any S during this period. 

Conditioning to buzzer. Following this training, Ss 
Were randomly divided into six groups, ten animals in 
each. Groups were conditioned in pairs under different 
Schedules of buzzer presentation. For control groups A 
and B the buzzer sounded each time a bar-pressing 
response was made. For groups C and D the buzzer 
Sounded on responses 2, 4, 5, 9, 10, 11, 14, 16, 17, and 

0. These groups were the experimental groups. For 
Control groups E and F the buzzer did not sound for any 

ar response. During this period each S was required 
to Press the bar 20 times for 20 pellets of food on each 
of eight days. 

Extinction. Beginning on the day following the last 
day of buzzer conditioning, three daily extinction ses- 
Sions of 10 min. each took place. The buzzer sounded on 
E occasion aresponse was made by Ss in groups A,C, 
and 5 the buzzer did not sound for Ss in groups B, D, 


RESULTS 
The total responses given in extinction by 
€ach group are presented in Table 1. The 
artlett test for homogeneity of variance as 
described by Edwards (3) was applied to the 
ata, and the obtained chi-square value of 


2.70 indicate? that the samples were not 


€terogeneous in variance. 
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TABLE 1 
Total Extinction Scores of Groups Conditioned under 
Three Schedules of Buzzer Presentation and 
Extinguished under Two Schedules of Buzzer 


Presentation 
Frequency of | Frequency of 3 
EM E30 
(in 95) (in %) Responses 
A 100 100 755 
B 100 0 574 
C 50 100 719 
D 50 0 727 
E 0 100 402 
F 0 0 637 
TABLE 2 
t-Values of the Differences in Number of Extinction 
Responses 
Group B c D E F 
A 2.82** | .56 .45 | 5.50** | 1.84 
A A A A A 
B 2.26* | 2.38* | 2.68* 98 
c D B F 
6 12 | 4.94** | 1.28 
D [e C 
D 5.06** | 1.40 
D D 
E 3.66** 
F 


Note:—The direction of the difference is indicated by the let- 
ter which appears with each ¢. 
* Significant at the .05 level. 
** Significant at the .01 level. 


An over-all analysis of variance applied to 
the data yielded an F ratio of 8.52, a value 
significant beyond the .001 level. A complete 
analysis of variance indicated that the main 
effect of buzzer during conditioning gave an 
F ratio of 10.63. This is significant beyond the 
001 level. The main effect of buzzer during 
extinction gave an F ratio of less than 1. The 
F ratio for interaction was 10.51, a value sig- 
nificant beyond the .001 level. 

The statistical evaluation of the results in 
terms of the / test is given in Table 2. The 
error term used in computing the ¢ values was 
obtained by pooling the sums of squares for 
all six groups (7, P- 245). Degrees of freedom 
for evaluating each / were 54. 

The time required for each S to produce 20 
reinforced responses on each day of condi- 
tioning was obtained. The mean for Ss in 
groups A and B was 13.04 min., for groups C 


372 


and D it was 12.68 min., and for groups E 
and F it was 12.80 min. No significant dif- 
ferences were present. 

During conditioning (and extinction) some 
Ss were observed pressing the bar lightly, i.e., 
the force exerted was insufficient to activate 
the electrical system of the apparatus. These 
"responses" did not meet the criterion im- 
posed, and they were neither reinforced nor 
scored. Thus no data are available by which 
to evaluate the presence of differential patterns 
of response engaged in by the various groups. 

Some evidence regarding “‘completeness” of 
extinction is provided by the finding that the 
mean number of responses given by Ss during 
the initial 5 min. of extinction was 16.62, 
while the mean number of responses during 
the final 5 min. of extinction was 6.22. Only 
one S failed to offer at least one response dur- 
ing the final 5 min. of extinction. 


DISCUSSION 


The extinction scores of the experimental 
groups (C and D) bear most directly on the 
problem under investigation, and they are the 
crucial data about which the discussion must 
center. 

The finding that group C gave significantly 
more extinction responses than groups B and 
E appears to confirm the position that an 
intermittently presented neutral stimulus can 
acquire reward value. The action of the buzzer 
during extinction for group C apparently was 
a reinforcing one. 

The results also revealed, however, that 
group D was similarly superior in extinction 
responses to groups B and E. Since the buzzer 
was never present in extinction for group D, 
the superiority of that group over groups B 
and E clearly cannot be attributed to the 
secondary reinforcing action of the buzzer. 
Therefore, whether the superiority of group C 
over groups B and E can be ascribed to second- 
ary reinforcement is questionable. 

It is believed that the results of the experi- 
ment can best be explained by employing the 
principle of stimulus generalization. This ex- 
planation is analogous to that given to explain 
the greater resistance to extinction found after 
training under conditions of partial primary 
reinforcement than under conditions of con- 
tinuous primary reinforcement (12). In the 
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present experiment the presence (or absence) of 
the buzzer during conditioning and extinction 
was assumed to be an important component 
of the stimulus complexes of each. Its presence 
(or absence) during the two situations was 
one means by which the amount of similarity 
between each could be varied. The principle 
would permit the prediction that groups for 
which stimulus complexes in extinction were 
more similar to those prevailing during con- 
ditioning would yield greater resistance to 
extinction than groups for which stimulus 
complexes in extinction were less similar. In 
terms of the presence of the buzzer from con- 
ditioning to extinction, groups A and 
operated in conditions of greatest similarity; 
B and E in conditions of least similarity. 
Groups C and D fall somewhere between these 
two extremes. 

The superiority of groups C and D over 
groups B and E could be explained in terms 
of stimulus generalization in the following 
manner. During the conditioning period for 
groups C and D, the buzzer was a part of the 
stimulus complex on half the occasions a Te 
sponse was made, while absence of the buzzet 
was a part of the stimulus complex on the 
other half. An extinction situation comprise 
of either buzzer or no-buzzer thus reproduce 
a part of the stimulus complex present in con- 
ditioning. The change in stimulus complex for 
groups B and E from conditioning to extinc- 
tion, however, was of a greater magnitude- 
Group B proceeded from 100 per cent buzzer 
to no-buzzer, while group E proceeded from 
no-buzzer to 100 per cent buzzer. Thus the 
extinction situations for groups C and, 
were objectively more similar to conditioning 
than were the extinction situations for grouP? 
B and E. This difference could account for the 
greater resistance to extinction exhibited bY 
groups C and D. In addition, the number 9 
extinction responses given by groups C an t 
was approximately the same, a finding con 
sistent with a stimulus generalization BY 
pothesis. 4 E 

Other findings may be explained by Stim" 
lus generalization, e.g., the superiority of f 
over B and E, and F over E. Stimulus 8°” 
eralization cannot account, of course, for 
faiture of F to exceed C and D. Mrd 

The viewpoint that the findings of this a 
periment may be interpreted in terms of stim 
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lus generalization has important ramifications 
in that it casts doubt upon the interpretation 
of other experiments in which resistance to 
extinction has been attributed to the action 
of secondary reinforcement. Extinction per- 
formance may have been prolonged, not be- 
cause of any acquired reward value of certain 
stimuli, but because the presence of those 
stimuli afforded a greater objective similarity 
between conditioning and extinction than was 
the case when those stimuli were not present. 
Bugelski’s experiment (2), for example, is 
susceptible to this dual interpretation. 

Other experiments, especially those in 
Which stimuli closely associated with reward 
in one situation are able to produce learning 
in another situation (4, 9), are probably best 
interpreted as demonstrations of secondary 
reinforcement. 

The present experiment failed to demon- 

strate clearly the differential effects of second- 
ary reinforcement independently of the effects 
of stimulus generalization. It is suggested, 
therefore, that resistance to extinction is not 
a satisfactory method by which to demon- 
Strate the presence of secondary reinforcement 
unless the factor of generalization is held 
constant. 
í Because the extinction record of group C 
is subject to a dual interpretation, it is be- 
lieved that an interpretation of the perform- 
ance of that group as demonstrating second- 
ary reinforcement is not appropriate. It is 
concluded, therefore, that the experiment pro- 
vided no unequivocal evidence that an in- 
termittently presented neutral stimulus can 
become a secondary reinforcer. 

It is suggested that a better method for de- 
tecting the action of secondary reinforcement 
15 one in which a neutral stimulus closely asso- 
ciated with reinforcement in one situation is 
shown to be able to produce learning in 
another, unrelated situation. This method 
Overcomes the ambiguity of interpretation in- 
volving secondary reinforcement and stimulus 
generalization. : 


SUMMARY 
This experiment was performed to deter- 
mine whether an intermittently presented 
neutral stimvlus could become a secondary 
Teinforcing agent. 
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Six groups of 10 rats each were conditioned 
to press a bar for food. For one pair of groups 
a buzzer sounded on half the occasions the 
bar was pressed. For a second pair of groups 
a buzzer sounded each time the bar was” 
pressed. For the final pair of groups the buzzer 
did not sound at all during conditioning. In 
extinction, the buzzer sounded when one 
group in each pair pressed the bar. The buzzer 
did not sound when the other group in each 
pair pressed the bar. 

It was found that the intermittent presen- 
tation of the neutral stimulus during condi- 
tioning led to a significantly greater number 
of extinction responses, regardless of whether 
the stimulus was present or absent in extinc- 
tion (groups C and D), than did the schedule 
of presentation of the stimulus for the two 
groups in which the stimulus was present re- 
peatedly in conditioning and absent in ex- 
tinction (group B), and absent in conditioning 
and present repeatedly in extinction (group 
E). No unequivocal evidence was provided, 
therefore, that an intermittently presented 
neutral stimulus could acquire reward value. 

An attempt was made to point out the role 
played by stimulus generalization in studies 
involving secondary reinforcement, and a 
suggestion was offered relative to a more satis- 
factory demonstration of secondary rein- 
forcement. 
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INCIDENTAL LEARNING UNDER CONDITIONS OF UNREWARDED 
IRRELEVANT MOTIVATION 


FAY-TYLER M. NORTON awp D. R. KENSHALO 
Florida State University 


The problem of incidental learning of cues 
for which an animal is not motivated origi- 
nally arose as an approach to the latent- 
learning controversy between the reinforcement 
and cognition learning theorists. Recently 
the emphasis has shifted from a controversy 
of the theoretical interpretation to an ex- 
perimental search for the factors pertinent 
to incidental learning. The "typical" incidental 
learning experiment consists of a training 
series during which the animal is not motivated 
for the cue-to-be-learned and a test series 
during which the animal is motivated for that 
cue. Incidental learning is said to occur if 
performance on the test series is facilitated by 
the training with the cue. The problem is that 
of exploring the conditions of training which 
alter performance during the test series. 

With respect to motivation during the 
training series, two main types of incidental 
learning experiments have been reported. In 
the first type the animals were satiated during 
training in a single-unit T or Y maze (4, 5, 6). 
Food or water was placed in one of the end 
boxes. During the test series when the animals 
Were deprived of either food or water, they 
Showed a marked ability to choose the appro- 
Priate side. In the second type the animals 
Were trained under a drive which was different 
from that used during the test series, ie., 
during training they were irrelevantly moti- 
Vated. Three arrangements of reward have 
been used during the training period. 

l. It seems well established that with an 
asymmetrical arrangement of rewards an 
animal trained while highly motivated for one 
goal object will show no evidence of incidental 
learning on test runs with changed motiva- 
tional state (6, 7, 9). N 

2. The condition of symmetry of reward has 
also yielded no evidence of incidental learning 
Q, 3). 

. 3. On the other hand, it appears that rats 
Urelevantly motivated, but receiving ~- no 
Teward during training, show incidental 
learning when relevantly motivated during the 


test period. Strange (8) reports that rats which 
were thirsty and climbed over food to get out of 
one end box during training showed a pro- 
nounced food-going tendency as compared 
with the control group when tested after being 
deprived of food. The control group received 
no training prior to the test series. Under the 
conditions of training described it seems 
possible that an explanation other than inci- 
dental learning could account for this differ- 
ence, at least in part. The control group 
received the same deprivation and free explora- 
tion in the empty U maze but did not receive 
a training series of 48 trials in the maze as 
did the experimental group. The greater 
sophistication of the experimental group with 
the maze could conceivably account for much 
of the difference in the performance of the two 
groups. A finding of Walker (10) appears to 
support Strange’s results but is also incon- 
clusive. 

We consider it of importance to determine 
whether it is the occurrence of the irrelevant 
drive per se or the rewarding of the drive 
during training which accounts for the in- 
ability of other investigators to demonstrate 
incidental learning under conditions of an 
irrelevant drive. Since the experiments of 
Strange and Walker do not provide an un- 
equivocal answer, it is desirable to repeat 
Strange’s study using more adequate control. 


METHOD 


Subjects 

Twenty female hooded and 20 male albino rats be- 
tween six and eight months old at the beginning of the 
experiment were divided equally into experimental and 
control groups. All animals were reared in the Florida 
State University laboratory. 


Apparatus 

A simple T maze was used. Guillotine-type doors 
operated ‘by a string and pulley arrangement and 
located at the start box, choice point, and end boxes 
controlled the movement of the animal through the 
maze. The top of the maze was wire mesh, and it was 
possible to view the animals in the maze through a 
mirror. The entire maze was painted gray. 


Bw 
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Fic. 1. Percentage of turns toward the end box con- 
taining food during the training and test series 


Procedure 


Habituation series. The animals were handled each 
day for 14 days prior to the start of the habituation 
series. On the first day of habituation water depriva- 
tion was started and each animal explored the empty 
T maze for a 5-min. period: On the following three days 
each S received three trials per day in the empty maze. 
For every trial the animals were detained 15 sec. in the 
end box before removal. The results of these nine free 
trials were checked for evidence of position preference. 
No animal went to the same side for more than six of 
the nine trials. 

Training series. After habituation the training series 
began. The 23-hr. water-deprivation schedule was con- 
tinued throughout this period for both groups of 
animals. During the 11 days of training each animal was 
given four trials per day. On the first and third trials 
the animals were allowed a free choice. On the alter- 
nate trials they were forced to the wing of the T oppo- 
site that chosen on the preceding trial. The animals 
were detained 15 sec. in the end box before removal to 
the transporting cage. The choice of left or right was 
recorded for each trial. During the training period food 
was placed in the left end box for the experimental 
animals only. The food used as the incidental cue-to-be- 
learned was in the form customarily used in the main- 
tenance of the animals, biscuits of Purina Laboratory 
Chow. The amount of food was such that the forefeet of 
the animal rested on the pellets when it had fully 
entered the goal box. No water was given to either group 
in the maze. When the animals were returned to the 
home cages they were given water for 1 hr. E. 

Test series. Following the last trial of the training 
series food was removed from the cages and 23 hr. later 
the hungry, nontbirsty animals began the test series. 
Food was placed in the left end box for both the experi- 
mental and control groups. Each animal was given four 

free trials per day for two days. When the correct turn 
was made, S was allowed to eat for 30 sec. When the 
wrong choice was made, 5 was detained in the end box 


for 15 sec. before removal. 
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RESULTS 


One animal from the experimental group and 
one from the control group were eliminated 
because a position habit developed during 
training. The criterion of a position habit was 
seven consecutive free choices to one side out 
of the last ten training trials. Two animals of 
the control group were eliminated because they 
refused to run. They made no progress in the 
maze during a 15-min. period for two consecu- 
tive days. 

Figure 1 shows the results of the training and 
test trials. Our analysis centers upon the first 
test trial when the animals were relevantly 
motivated for the first time. Of the 17 control 
animals, 10 scored a successful turn left to 
food, whereas all 19 experimental animals 
were successful. Using Fisher’s exact metho 
(1) for calculating the probability of the differ- 
ence between the frequency of choices of the 
experimental and control groups on the first 
test trial, a of .002 was obtained. The differ- 
ence between the performances of the two 
groups on the first trial of the test series 1S 
highly significant. 


DISCUSSION 


This research has not attempted to test the 
cognition or reinforcement theories of learning: 
It is a study of a condition favorable to the 
phenomenon of incidental learning, which, iu e 
believe, is in need of experimental clarification 
first and theoretical explanation next. In I 
experiment the handling of the experimenta 
and control animals was identical except Tor 
the presence of food in the left end box during 
the training of the experimental group. — 
animals of this group seemed no more inter 
ested in the food in the end box than in 2D 
other aspect of the maze. None of them W25 
seen to nibble on the food. 1 

The results of this study are in gener? 
agreement with those of Strange (8 tha 
incidental learning. occurs under condition? 
of an unrewarded high irrelevant drive during 
the training series. A quantitative differen? i 
is to be noted. For 16 trials of the test se 
the performance of Strange’s control an 
was inferior to that of the experimental annin 
In our study the control animals equalle $ 
performance of the experimental animals n 
the second test trial. This difference is ap Pe 
ently a function of the habituation O' 
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control animals to the maze. Strange did not 
give the thirsty control animals training trials 
in the maze although both groups had a period 
of free exploration prior to being placed on the 
deprivation schedule. In our study both 
groups received equal handling and an equal 
number of training trials. 

. The experiments (2, 3, 6, 7, 9) in which the 
irrelevant drive was rewarded either sym- 
metrically or asymmetrically failed to demon- 
Strate incidental learning. It appears, then, 
that it is the reward of the irrelevant drive, or 
the lack of it, rather than the irrelevant drive 
itself which determines whether incidental 
learning will occur during the training. 


SUMMARY 


Two groups of rats were given 44 training 
trials in a single-unit T maze under a thirst 
drive which was not rewarded by maze 
activity. Food was placed in one end box dur- 
ing the training of the experimental group. 
Following training all the animals were de- 
prived of food for 23 hr. All 19 of the experi- 
mental animals made a successful first turn 
toward the food while only 10 of the 17 control 
animals made a successful turn on the first 
trial. The difference in performance was highly 
significant. The experiment demonstrates that 
incidental learning may occur under conditions 
of an unrewarded irrelevant drive. 
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A TECHNIQUE FOR OBTAINING RAPID DRIVE DISCRIMINATION 
IN THE RAT 


ROBERT BOLLES anp LEWIS PETRINOVICH! 
University of California 


Most contemporary learning theories de- 
mand that organisms be able to discriminate 
their drive states. In fact, for any theory which 
takes an evolutionary approach, e.g., Hull’s, 
this point is quite crucial if the theory is to 
account for animals’ learning to “satisfy” the 
needs necessary for survival. 

Physiologically great differences can be 
found between the internal effects of hunger 
and those of thirst. Hence one might expect 
that it would be easy to demonstrate drive 
discrimination. Paradoxically, it has been very 
difficult to do so—much more difficult than to 
demonstrate discrimination of external stimuli, 
e.g., horizontal or vertical striations (1, 2, 3). 

The possibility occurred to us that the 
discrimination of external stimuli has been 
easier to demonstrate than the discrimination 
of internal ones because of the differences in 
the experimental methods employed. There 
are three obvious differences between the two 
kinds of experimental procedures usually 
applied to the two problems, and for each of 
these differences we propose a resolution. 

First, in a discrimination problem involving 
external stimuli, the onset of the stimulus 
occurs when the animal reaches the choice 
point. In the typical drive discrimination 
problem the stimuli which arise from hunger 
(or thirst) commence and gradually grow in 
intensity in some nonmaze setting such as the 
home cage. Therefore, a maze was constructed 
in which the animals would live at the choice 
point, so that the onset of the drive stimuli 
occurred only at the choice point. f 

Second, in external stimulus discrimination 
problems the animal usually is not removed 
from the goal box in the presence of the dis- 
criminandum (discrimination stimulus). How- 
ever, in drive discrimination experiments, the 
animal is typically given only a few seconds for 
consummatory behavior, and consequently 
when the animal is removed from the goal box, 
the discriminandum (hunger or thirst) is 


1 The authors wish to acknowledge their gratitude to 
Dr. David Krech for his generous assistance. 
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acting at almost full strength. Our procedure 
allowed 30 min. to 1 hr. for feeding or drinking 
in the goal box—sufficient time to satiate the 
animal. ; 

Finally, in most external stimulus dis- 
crimination problems the stimuli are well 
defined. On the other hand, in a drive dis- 
crimination problem the crucial stimuli usually 
do not act independently but are confounde 
by other stimulus complexes. That is, if the 
typical deprivation schedule is used, an anim 
that is “hungry” is also suffering a water 
deficit owing to a decrease in total intake, and 
conversely, a “thirsty” animal is suffering a 
food deficit. While this fact has been acknowl- 
edged quite often, it has been relegated tO 
footnote status. In a drive discrimination 
problem, however, it is imperative that the 
internal stimuli arising from hunger 2? 
thirst be as "pure" as possible. In order to 
obtain “purer” drive states, we instituted 2 
maintenance schedule described in a rece? 
experiment by Verplanck and Hayes (4). The 
results suggest that in order to obtain a “pure 
hunger drive an animal should be give? only 
dry food for 23 hr. and then only water for : 
hr. At the end of this hour, the animal W3? 
“maximally” hungry as measured by Es 
summatory activity, and apparently n 
thirsty. Similarly the procedure for making ? 
animal thirsty was water followed by 
food. 


METHOD 
Subjects 


ld. 
Twelve naive male rats, approximately 100 ee d. 
from the University of California colony wer 


Apparatus A 

The inside dimensions of each maze unit are e 
in Figure 1. The mazes were made of }4-in- ply" oal 
painted gray except for the farthest parts of 
boxes, which were black or white. The goal b cc 
alleys had an inside height of 414 in. and the hom? syed 
ingde height was 5 in. The entire maze W 


cage. There were guillotine doors at each goal 
at both doorways of the home cage. One ho 
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67'x4' 


67'x4' 


12^ x 4* HOME CAGE PA 


9'x 9' x4 
Fic. 1. Top view of maze unit 


emu was 4 in. by 414 in., the size of the alley, while 
is other doorway was a 2-in. round hole. These units 
e A three deep with 8 in. between them, in two 


Procedure 


hoe retaining, The animals were pretrained for two to 
Pun ays by placing them in the maze with all the 
cages eod and with no food or water in the home 
The Sr oth food and water were put in both goal boxes. 
drink nimals were thus free to explore and to eat and to 
Stain in the goal boxes. Each animal was handled for 
Guinn a day during this period. On the last day of pre- 
both E the animals were put in their home cages with 
half w oors closed. Half of them were given food and 
ere given water. 
wap ning. Each day during the learning period food 
22 hr moved from those animals which had had it for 
FERE ud they were given water for 1 hr. Similarly, 
ken SE had had water for 22 hr. had their bottles 
Pride and were given food for 1 hr. This is the 
the en ioned Verplanck-Hayes method for making 
clusion oh uou and the latter thirsty. At the con- 
CAM the 1-hr. ingestion period all food and water 
not less ved from the home cages. After a period of 
ati; an 5 min., the doors were opened and each 
rc ran one trial. 
dogs sea the animal entered the correct goal box, the 
RA T dropped behind it, and the animal was re- 
Incore or either 30 or 60 min. When it entered the 
ion cas goal box, it was allowed to leave (the correc- 
closed ethod). The door of the incorrect goal box was 
explo 48 soon as the animal left, to discourage rampant 
oe i.e., an animal could obtain entrance to the 
an er ect box only once a day. A trial was not scored as 
n on unless an animal ran as far as the doorway of 
or mane goal box. Thus an animal was not penalized 
Was ae a false start in the wrong direction. (This 
BI) € scoring method used by Hull [2] and Leeper 
Y " half the animals, food (dry powder) was in the 
Water Ox approached through the round, doorway and 
arge al in the goal box approached through the 
ment ey-size doorway. For the other half this arrange- 
Was reversed. 


Following the consummatory period the animals ` 


ete n H B 1 
Sc E Ede to their home cages and their deprivation 
respons es were reversed. Hence the sequence of correct 

nses was an alternation series. The possibility of 


an : 
«1 animal's responding correctly by means of an 


al i i 
Sree hypothesis” was checked by altering the 
erio; nce for each animal just prior to attaining cri- 
revealed, o indication of an alternation hypothesis was 


379 


i TABLE 1 
Trials and Errors to Criterion for Each Animal 
Rank Order Trials Errors 
1 10 1 
2 11 2 
3 12 2 
4 14 4 
zi 17 4 
6 17 5 
7 23 7 
8 26 7 
9* = 8+ 
10* = 10+ 


* Discontinued after 20 trials beca: 
position habit. als because of no tendency to break 


Two groups of six animals were run and the pro- 
cedure was changed slightly for each group in order to 
ascertain if either the length of the pretraining (“ex- 
ploring") period (two to four days) or the time in the 
goal box (30 min. or 1 hr.) affected the learning. No 
differences were found between the groups. 

The animals were run to a criterion of nine correct 


runs on ten consecutive days. 


RESULTS 


Two animals of the original 12 were dis- 
carded. One was discarded because it refused to 
enter either goal box after a door was inadver- 
tently dropped on it, and the other because it 
refused to leave the home cage within a period 
of 2 hr. for the five days we attempted to run 
it. 

Learning proceeded at a spectacular rate. 
The number of trials and the number of errors 
made prior to attaining criterion for the ten 
animals run are tabulated in Table 1. A 
median of 17 trials was required to reach the 
criterion. A median of 4.5 errors was made 
prior to attaining criterion. The learning curve 
remained above 80 per cent after seven days. 
Leeper’s curve is approximately the same at 
seven days, but his procedure allowed five 
trials a day. In Hull’s experiment 180 days 
(five trials a day) were required to achieve 80 
per cent. 

These results are all the more remarkable in 
that, owing to the pretraining used, not only 
were the animals learning the position of food 
and water, but they probably also had to do 
some unlearning. In the pretraining food and 
water were in both goal boxes and therefore, 
we would have every reason to suppose that 


an animal would have an expectancy that 
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both goal objects would be located in both 
goal boxes—and this expectancy would have 
to be extinguished by the differential reward 
in the learning trials. 


SUMMARY AND CONCLUSIONS 


Contemporary learning theories demand 
that an animal be readily able to discriminate 
its drive states. But, paradoxically, drive 
discrimination has been difficult to demon- 
strate heretofore. 

We have resolved the paradox by demon- 
strating rapid drive discrimination. The rate 
of drive discrimination obtained in the present 
experiment compares favorably with the 
simplest of “sensory” discriminations, thereby 
providing empirical support to the proposition 
that drives or biological needs are readily 
discriminable. 

It is suggested that the success of the present 
experiment is due to the fact that our experi- 
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mental design incorporated the usual features 
found in external discrimination problems. The 
pertinent aspects of this design were: (a) onset 
and termination of the discriminanda occurred 
in the learning apparatus, and (b) a Verplanck- 
Hayes deprivation schedule was employed, 
thus “purifying” the relevant “internal 
stimuli.” 
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A FURTHER STUDY OF SECONDARY REINFORCEMENT AND THE 
DISCRIMINATION HYPOTHESIS 


CLAUDE B. ELAM, D. W. TYLER, anp M. E. BITTERMAN 
University of Texas 


A recent report from this laboratory (1) 
was concerned with the relation between the 
concept of secondary reinforcement (3) and 
the discrimination hypothesis—the assumption 
that resistance to extinction increases with the 
similarity between conditions of training and 
extinction (4, 6). Specifically, the question 
was asked whether the decrease in resistance 
to extinction which follows a change in the 
afferent consequences of response can be 
fully explained in terms of the elimination 
(or the distortion by neural "interaction") of 
Stimuli previously associated with primary 
reinforcement. To answer this question, an 
experimental situation was devised in which 
the transition from training to extinction was 
more readily discriminable in the presence of a 
secondarily reinforcing stimulus than in its 
absence—a situation in which the effects of 
discriminability and of secondary reinforce- 
ment were opposed. 

Under conditions of random partial rein- 
forcement, rats learned to traverse a runway 
and enter a goal box. On half the trials they 
were rewarded in a box of one color (eg. 
White), while on the remaining trials they 
found a box of the opposite color (e.g., black), 
in which there was no reward. Then the 
animals were divided into two matched groups, 
One extinguished with the white box (group 
ILS) and one extinguished with the black 
(group II-N). In which group should extinc- 
tion have been more rapid? The principle of 
Secondary reinforcement suggests that response 
Should have been better sustained by the 
White box, the one previously- associated 
With primary reinforcement; if the effects of 
Change in the afferent consequences of response 
are to be fully accounted for in tems of this 
Principle, extinction must have been more 
rapid in the animals run to black. For the 
animals run to black, however, the early 


1 For expository convenience we deal only with, the 
animals that were rewarded in the white box and non- 
Tewarded in the black, although the two colors were 
balanced in the design of the experiment. 
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extinction trials represented no discriminable 
departure from the training series (of which 
nonreinforcement in the black box was an 
integral part), while for the animals run to 
white the consequences of the very first 
extinction trial (nonreinforceement in the 
white box) represented a set of conditions 
never before encountered. On the assumption 
that any discriminable change in afferent 
consequences—irrespective of previous rela- 
tion to reinforcement—tends to impair the 
stability of response, extinction should have 
been more rapid in the animals run to white. 
This assumption was supported by the results 
obtained, and the prediction derived from the 
principle of secondary reinforcement was 
contradicted. 

The present paper reports a repetition of 
the experiment described. The repetition 
differed from the original principally in that 
the distribution of practice was considerably 
increased. It was designed to test the generality 
of the earlier results and to explore the re- 
mote possibility—considered in the original 
report (1, pp. 461-463)—that they were influ- 
enced by traces of the afferent consequences 
of response which might have been carried 
over from trial to trial. 


METHOD 


Subjects 

Twenty-six experimentally naive rats, bred in the 
laboratory, were studied. They ranged in age from three 
to four months at the beginning of the experiment. 


Apparatus 

The apparatus employed may be described as a 
bination elevated runway and single-window 
jumping stand. The runway was 3.75 in. wide and 7.66 
ft. long. At its distal end was a goal box containing a 
6-in. by 6-in. window. The animal entered the box by 
jumping a 9-in. gap from the end of the runway to an 
unfastened card in the window. The purpose of this 
arrangemént was to prevent the animal from seeing 
the interior of the goal box until the terminal response 
had been made. The entrance to the goal box was set ina 
funnel-like surround which served to eliminate abortive 
behavior and to channel the terminal jump. The entire 
apparatus was painted mid-gray except the card in the 
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Fic. 1. Performance of the two groups on the last 
day of training and on the first three days of extinction. 


window of the goal box (which was covered with 14- 
in. vertical black-and-white stripes) and the interior 
of the goal box (which, at different times, was either 
mid-gray, black, or white). The experiment was con- 
ducted in the homogeneous Dome Room of the rat 
laboratory. 


Procedure 


Preliminary training. The animals were placed on a 
24-hr. feeding schedule designed to reduce them gradu- 
ally to 80 per cent of their satiated body weight. By 
varying the amount fed after each day’s trials on the 
basis of weight loss in the preceding 24-hr. interval, 
each animal could be brought very close to the 80 per 
cent level at the start of the next day’s trials. The 
animals were fed for brief periods in the gray goal box 
and then taught to enter it by jumping a gradually in- 
creasing distance (to a maximum of 9 in.) from the 
end of the runway, first to the open window and then 
to the striped card. Each jump was rewarded with a 
few seconds of feeding from a cup of wet mash in the 
gray goal box. 

Experimental training. Each animal was given ten 
trials per day for a period of ten days. A trial consisted 
of a run from the beginning of the runway to its end 
and a jump from there to the striped card in the window 
of the goal box. The animal remained in the goal box 
for 20 sec. and was then transferred to an individual 
mesh waiting cage for the intertrial interval, which 
was never less than 15 min. and often longer. (The 
animals were run in squads, with the intertrial inter- 
val for each animal being determined by the time re- 
quired to give one trial to each of the others in its 
squad.) On each trial the time which elapsed between 
placing the animal on the runway and its jump to the 
goal box was measured with a stop watch. If on any 
training trial the animal did not reach the goal box in 
90 sec., it was manually guided in the direction of the 
goal and encouraged to jump from the end of the 
runway. All animals were reinforced (20 sec. of feeding 
with wet mash) on five of the ten daily trials. Rein- 
forcement and nonreinforcement were scheduled in 
accordance with selected Gellermann orders (2). 

On each training trial the interior of the goal box was 
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either white or black, and for each animal one of the 
colors consistently accompanied reinforcement while 
the other consistently accompanied nonreinforcement. 
Of the 26 animals, 14 were reinforced in white and non- 
reinforced in black; the remaining 12 animals were rê- 
inforced in black and nonreinforced in white. To ensure 
the complete absence of food in the goal box on no 
reinforced trials, separate boxes were used for reinforce? 
and nonreinforced trials. The procedure thus necesst 
tated the construction of four interchangeable ae 
boxes—two with white interiors and two with bla! 
interiors. " i 
Exlinclion. At the conclusion of the training SR 
the animals were paired for reinforced goal-box E: 
and performance during training, a process i d 
resulted in two matched groups of 13 rats each; a 
extinction series was then begun. Ten nonrelntin 
trials per day were given. As on nonreinforced E cx 
trials, the animals were confined in the empty g0% the 
for 20 sec. after entry and then transferred rs 
mesh waiting cages. The intertrial interval M rie 
trolled as it had been in training, and again the mit 
mum interval was set at 15 min. Runs were um 
before. If an animal did not reach the goal box ur 
sec. on any given trial, it was removed from the hedile 4 
and placed in its waiting cage until its next sc We 
trial. The criterion of extinction was two puo 
incomplete runs of this kind, and work with each a! 
was discontinued after it met this criterion. ted in 
The two matched groups of animals were trea xs 
exactly the same manner, with one exception. Ed 
animal in group S (the secondary reinforcement E ED 
was extinguished with thegoal-box color which ha sd 
associated with reinforcement during the training a 
and each animal in group N (the reversal group) ring 
extinguished with the goal-box color associated CU ‘mals 
training with nonreinforcement. Thus, those non 
of group S which had been rewarded in white an hile 
rewarded in black were extinguished with white, EI 
those which had been rewarded in black and 5 the 
warded in white were extinguished with black. F de 
case of group N, on the other hand, animals E 
in white and nonrewarded in black were extingui on- 
with black, and those rewarded in black and 
rewarded in white were extinguished with white. 


RESULTS AND DISCUSSION 


5 
The performance of each of the two group t 
on the last day of training and on the 
three days of extinction is plotted in Figu”! ng) 
in terms of mean log time per trial. In Me: 
of course, the performance of the two 8I? ee 
was very much the same, since they W of 
selected by pairing animals on the ba! : 
tbeir behavior during that part of the 
ment. In extinction, howeve-, the two 
differed markedly, with group S (the seco 
reinforcement group) showing muc loselY 
resistance. The curves of Figure 1 € Cous 
resemble those obtained in the prev 
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experiment with massed practice (cf. 1, 
Figure 2, p. 460), except that extinction was 
somewhat more rapid in the present experi- 
ment than in the earlier one. One very inter- 
esting feature of the curves for both reversal 
groups (the present group N and the previous 
group II-N) is the consistent fall in running 
time from the first to the second extinction 
trial in each daily series. That the effect 
cannot be attributed merely to some sort of 
warm-up process is suggested by the fact 
that a quite opposed effect seems to operate 
in the secondary reinforcement groups (the 
present group S and the previous group II-S). 
Tt almost seems as if the response tendency is 
temporarily strengthened by an encounter 
with the goal box previously associated with 
nonreinforcement. 

The results of the experiment as a whole 
certainly support the conclusion that the 
response tendency under scrutiny weakens 
less rapidly when the animal is run to the 
goal box previously associated with nonrein- 
forcement. The extinction series was termi- 
nated after seven days, by which time all the 
animals of group S had reached the criterion 
of two successive incomplete responses. For 
the entire seven-day period, the mean log 
time per trial was greater in group S than in 
group N. The mean difference was 0.188, 
significant beyond the .01 level of confidence 
(t for paired replicates = 3.08, with 12 df). 
When the same results were obtained under 
conditions of massed practice in the previous 
experiment, the possibility was considered 
that they might be explained, at least in 
Part, by the carry-over of the afferent conse- 
quences of response from trial to trial. Group 
IEN may be said to have been reinforced on 
about 25 per cent of the training trials for 
Iesponse to a stimulus compound which 
included traces of the experience of nonrein- 
forcement in the box used for extinction, while 
group II-S did not (during training) experience 
nonreinforcement in the box which it subse- 
quently encountered in extinction and con- 
Sequently was never reinforced for responding 
in the presence of the aftereffects of that 
experience. This rather forced interpretation 
Cannot apply in the present case because- the 
Interval between training trials was neve- 
less than 15 min. 


The results at hand do not, of course, make 
it possible to discard the principle of secondary 
reinforcement. Experiments such as that of 
Saltzman (5), for example, clearly demonstrate 
that, as a consequence of association with 
primary reinforcement, previously neutral 
stimuli may come to play a selective role in 
behavior. The present results suggest only 
that the principle is insufficient in itself to 
account for the effects upon extinction of 
change in the afferent consequences of re- 
sponse, and that in the situation here em- 
ployed it is overridden by some other set of 
determinants. In training under conditions of 
partial reinforcement, the animal apparently 
learns about the occurrence of nonreinforce- 
ment per se and about stimuli associated with 
it. This learning influences the animal's 
perception of the transition from training to 
extinction and hence (by the discrimination 
hypothesis) the stability of response. How 
the animal can learn about nonreinforcement 
presents a rather difficult problem for drive- 
reduction theory. Perhaps its solution will 
only be found in a systematic account of 
perceptual learning. 


SUMMARY 


Rats were trained to traverse a runway and 
enter a goal box (black or white) under condi- 
tions of random 50 per cent reinforcement and 
distributed practice. During training the 
animals were consistently reinforced in a 
goal box of one color and nonreinforced in a 
goal box of the opposite color. During extinc- 
tion, group S (the secondary reinforcement 
group) was run to a goal box of the color 
previously associated with reinforcement, 
while group N (the reversal group) was run to 
the color previously associated with nonrein- 
forcement. The results obtained were closely 
similar to those of an earlier experiment of the 
same general design in which practice was 
massed: group S extinguished significantly 
more rapidly than did group N. It is concluded 
that the principle of secondary reinforcement 
is inadequate to deal with the effects on extinc- 
tion of change in the afferent consequences of 
response. The results of the experiment may 
be understood on the assumption (a) that 
any discriminable change in the afferent 
consequences of response tends to facilitate 
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extinction, and (b) that the discrimination of 
change may be based upon learning about 
nonreinforcement and about stimuli associated 


with it. 
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RELATIONAL DISCRIMINATION OF INTERMEDIATE SIZE IN THE CHIMPANZEE! 


RICHARD C. GONZALEZ, GEORGE V. GENTRY, anp M. E. BITTERMAN 


University of Texas 


If, after learning to choose the larges! or the 
Smallest stimulus in a set of three, an animal 
transposes the solution up or down the size 
continuum, no perception of relations need be 
assumed ; once the proper gradients of generali- 
zation have been selected, the results can be 
explained—as Spence has shown—in terms of 
excitatory and inhibitory effects derived from 
the reinforcement and nonreinforcement of 


` afferent components (4, 5). If, on the other 


hand, an animal has learned to choose the 
intermediate member of the set, the mere 
Occurrence of transposition constitutes con- 
clusive evidence against the component 
theory, which requires that the animal continue 
to choose the previously reinforced stimulus 
(6). In neither case, however, does the failure 
of transposition necessarily invalidate the 
Concept of relational perception; the fact 
that an animal responds to certain absolute 
features of a stimulus object presented in 
some arbitrary context does not justify the 
conclusion that it is incapable of response to 


~ relations. 


Some years ago, Spence looked for evidence 
of transposition in the behavior of six adult 
Chimpanzees after training them to discrimi- 
Nate the intermediate member of a set of 
three squares differing quite markedly in 
Size (6). Each of the animals responded 
Predominantly to the previously reinforced 
Stimulus, although there was some evidence 
for the development of “a different basis of 
Tesponse than an absolute one” (p. 270) in 

€ course of “reversal training" (a sequence 
of problems in which the roles of common 
elements shifted with the context in which 
they appeared). Spence concluded that his 
Component theory was confirmed by the data 
Of his experiment, suspending judgment on the 
Consequences of reversal training until further 
Investigations could be made. Recently Spence 

as extended his theory to permit differential 
Tesponse to aggregations of stimuli—visual- 
bi 1 The experimental work was done in the Raaio- 
iological Laboratory of the University of Texas and 
€ United States Air Force. 


spatial compounds and conjunctions of visual 
elements (“transverse patterns")—in situa- 
tions which do not involve the differential 
reinforcement of afferent components (1, 7). 
According to the new version of the theory, the 
outcome of reversal training can be explained 
as an instance of transverse patterning (a con- 
ditional rather than a relational phenomenon); 
however, transposition must continue to be 
denied when the training problem is one which 
can im principle be mastered in component 
terms. 

The possibility of spontaneous relational 
organization in the solution by chimpanzees of 
the intermediate-size problem (as distinct 
from the no longer crucial effects of reversal 
training) was further investigated in the 
present experiment, which differed from that 
of Spence in two important respects: (a) 
The difference in size among the stimuli to be 
discriminated—the difference within sets— 
was considerably less; the ratio of areas 
within critical sets was 1:1.32 as compared 
with the ratio of 1:1.60 employed by Spence. 
(b) A new method of testing for relational 
perception was devised in order to minimize 
the difference between the sets of stimuli used 
in training and testing. 

The first modification was introduced on the 
assumption (derived from human experience) 
that spontaneous relational organization is 
most likely to appear when differences among 
the stimuli to be discriminated are small. In 
an experiment with the rat, Saldanha and 
Bitterman (3) found evidence which supports 
this assumption; while quite discrete stimuli, 
such as horizontal and vertical stripes, were 
discriminated as readily in isolation as in 
conjunction, opportunity for comparison was 
necessary for discrimination between more 
similar stimuli. From this point of view, 
negative results in an investigation of the 
possibility of relational perception at any 
given phylogenetic level—e.g., Spence’s study 
of intermediate size with the chimpanzee 
(6) or Grice’s work on mode of stimulus 
presentation with the rat (2)—are inconclusive 
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when the limits of discriminability have not 
been explored. (In the present experiment, 
plans were made for further reduction of 
within-sets differences if reliable evidence of 
transposition should fail to appear.) The 
second procedural modification (designed to 
minimize between-sets differences) was 
adopted on the following assumptions: (a) 
that the animal may learn something about 
the absolute magnitudes represented in a 
set of stimuli, even a highly homogeneous 
set which can be differentiated only on a 
relational basis; and (b) that the initial func- 
tional equivalence of training and testing sets 
depends upon the similarity in absolute 
properties? It is well to note, however, that 
according to Spence's viewpoint neither of 
these procedural modifications should increase 
the likelihood of transposition following 
training on an intermediate-size problem 
which is capable of solution in component 
terms. 


METHOD 
Subjects 


Four adult chimpanzees, two mature females (No. 
2 and No. 3) and two somewhat younger males (No. 
1 and No. 4), were studied. All had previous discrimina- 
tive experience, but in problems which were function- 
ally unrelated to that of the present experiment. 


Apparatus 


A string-pulling apparatus was employed which 
could be wheeled up to the home cages of the animals. 
The stimuli designed for the work were nine cubical 
wooden boxes, each of which was open at the top and 
painted black both inside and out. The boxes were 
designated in order of size with the numbers / to 9. 
Each face of the smallest box was 9.00 sq. in. in area, 
and the corresponding value for each successive box 
in the series increased by a factor of 1.15. On each trial 
three of the boxes were presented (8 in. apart) at a 
distance of 30 in. from the cage. Each box was mounted 
on a narrow track and equipped with a uniform string 
by means of which it could be pulled to the cage by 
mre ine I aaa op E EA 


2 Interestingly enough, where an animal is trained 
simply to choose the larger or smaller member of a 
pair of stimuli (or the largest or smallest member of a 
Set of three), Spence's nonrelational theory quite 
clearly permits the deduction, which has been regarded 
as one of the most striking demonstrations of its power, 
that the probability of transposition varies inversely 
as the absolute difference between training and testing 
sets (5). A comparable effect in the discrimination of 
intermediate size (if it were demonstrated) could not, 
however, be explained in the same way, because in the 
case of intermediate size Spence's theory permits no 
transposition at all. 
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the animal. Any given box could be baited with a small 
piece of preferred food which served as reinforcement. 
The baiting was done behind an opaque screen whit 
was lowered between trials and raised at the beginning | 
of each trial. The apparatus was so designed that the 
animal could determine whether a given box was bait 
only by pulling it all the way to the cage and reaching 
inside. 


Procedure 


Each animal was trained first to a criterion of 1$ 
out of 18 correct responses on problem Iba 
5 (positive), and 9 (ratio of areas 1:1.75). There us 
18 trials per day by the correction method; if on vi 
trial the first choice was incorrect, the animal wate 
mitted to make a second and, if necessary, à ub 
choice, with each trial being terminated by 4 reinfo! 


response. The spatial arrangement of the three cd 
was systematically varied. After each animal MT - 
the criterion, it was trained in the same manner anal 
the same criterion on problem II—boxes 3, 5 (pos! 

and 7 (ratio of areas 1:1.32). 

In the second stage of the experiment t 2, 4 
were tested with each of two new sets of stimult ie 
6 and 4, 6, 8. The ratio of areas in each set was t gr 
as in problem II (1:1.32), but the difference E 
each new stimulus and the corresponding stimu were 
problem II was considerably less (1:1.15). There wert 
four daily series of 18 trials each. Of these, ^ iye), 
differentially reinforced trials with boxes 3, 5 (PoS" i 
and 7 (problem II); systematically interspersed D 


n H " Tas 1 2 4, " 
them were six testing trials—three with 2, E ds de 


the animals 


three with 4, 6, 8—in which any choice was 
In the four days of testing, each testing set WS 
sented 12 times, twice in each of the six possible sp 
arrangements. 


pre 
atia! 


RESULTS AND DISCUSSION 


6 
e 
Under ideal circumstances—if there Me 
no pre-experimental size preferences, 2a 14. 
the two stimuli of the pairs 4-6, 3-7, aP“ he 
were in fact functionally equidistant orce | 
size continuum from the previously reinfon g 
point 5—the hypothetical gradients of ES g 
tion and inhibition established in t7?" jj 
would be symmetrical about point esi 
Spence's theory would require that the aP! he 
choose boxes 4 and .ó equally often nde! 
trials with each of the two testing sets- dieci 
any circumstances, however, the *, js 
predicts that the choices of the anie 
should Le restricted to boxes 4 and % x 8 
that the frequency with which either bos 
‘chosen should not, after component tra ulus 
depend on “the nature of the total sti™ Jus 
pattern" (7), i.e., on whether the third sti” ore 
p-esented is 2 or 8. In the 24 tests, ther? (tbe 
the number, of intermediate choices “15 
number of choices of 4 in the set 2, 4 
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INTERMEDIATE-SIZE DISCRIMINATION 


TABLE 1 
Days to Criterion in the Training Problems and the 
Distribution of Responses in 24 Tests 


2 Choices on Test Trials 
o | Ann ES 
2 416] € ices 
1 10 1 {410} — 
ol ssim 0 18 
2 14 0|1|1|— 
eu kal. D. 19 
3 16 0|10|2| — 
—| 6|6|0 16 
4 12 o| 6|6|— 
—| 3/9] 0 15 
TABLE 2 


Distribution of the Responses of Animal No. 1 in Four 
Days of Reversal Training (18 Trials per Day) 


Number of 
Intermediate 
Choices 


Choices 
Day 


——Ó 


1 


ietetere|- 
elelelel|s 


the number of choices of 6 in the set 4, 6, 8) 
should not, on the average, exceed 12. A 
reliably greater number would indicate the 
Operation of a relational process. 

The principal results of the experiment are 
Presented in Table 1, which shows the number 
of days required by each animal to reach the 

al criterion in the training problems and 
the distribution of responses to each of the 
two sets of stimuli presented in the subsequent 
tests. Performance on the testing trials clearly 
Suggests the interplay of two distinct tend- 
encies, an absolute preference for one of the 
two critical stimuli (4 or 6) and 2 relational 
Preference for intermediate size. Animals No. 
1, No. 2, and No. 3 show an absolute preference 
for box 4 which coincides with the relational 
Preference in tests with 2, 4, 6—hence the 
Breater frequency of intermediate responses 
to that set—and which opposes the relational 
Preference in tests with 4, 6, 4; in animal No. 
4, on the other hand, the absolute preference 
is for 6 rathet than 4. The reality of the 
relational preference is indicated by the fact 
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that in the 24 tests every animal made a 
number of intermediate choices greater than 
12, the value expected in terms of component 
theory; the mean number of intermediate 
choices for the group (17.0) was significantly 
greater than 12 beyond the .02 level of con- 
fidence (t = 5.5 with 3 df). Further evidence 
is available on the reliability of the relational 
tendency in animals No. 3 and No. 4, the two 
that made the lowest numbers of intermediate 
choices in the first four days of testing. In a 
fifth day of testing by the same procedure, 
No. 3 made five and No. 4 made six inter- 
mediate choices in the six trials (three with 
2, 4, 6 and three with 4, 6, 8). 

After the transposition tests, animal No. 1 
was given four days of differentially reinforced 
reversal training with sets 2, 4, 6 and 4, 6, 8, 
which were presented in random sequence and 
in all possible spatial arrangements; as in the 
original training, there were 18 trials per day 
by the correction method. From Table 2 it 
may be seen that the number of intermediate 
choices made by the animal was above the 
chance level on the first day and rapidly 
approached the maximum on subsequent 
days. This performance clearly demonstrates 
‘a different basis of response than an absolute 
one"—to use Spence’s elliptical formulation— 
but it probably does not represent the qualita- 
tive break with the effects of the original 
learning which Spence’s theory requires. The 
behavior of the animal on the first day of 
reversal training revealed (as did its behavior 
in the previous transposition tests) the simul- 
taneous operation of two distinct preferences— 
absolute (for the smaller of the two critical 
stimuli) and relational (for the intermediate 
stimulus irrespective of absolute properties) — 
with the former rapidly disappearing in the 
face of differential reinforcement. The reversal 
problem did not elicit a new level of func- 
tioning. It merely resolved a conflict between 
two response tendencies—relevant but in- 
compatible—which were in evidence at the 
conclusion of the original training. 


SUMMARY AND CONCLUSIONS 
' 


Four adult chimpanzees were trained to 
discriminate the intermediate member of a 
set of three stimuli which differed in size. 
In subsequent tests the animals displayed a 
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significant tendency to transpose the solution, 
although evidence of absolute preferences also 
appeared. Then one of the animals—beginning 
at a level of accuracy greater than chance— 
rapidly learned a reversal problem involving 
two sets of stimuli in which positive and 
negative values of common members shifted 
from set to set. The results of this experiment 
will not yield to analysis in terms of compo- 
nents or aggregations of components. They 
point unmistakably to the operation of a 
relational process in the discrimination of 
intermediate size by the chimpanzee. 
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DISCRIMINATION LEARNING IN THE CANARY 


NICHOLAS PASTORE 
Queens College 


The oddity problem has been solved by the 
monkey, chimpanzee (cf. 1), and rat (7). Can 
the canary learn to respond to the odd stimulus 
of a set of otherwise identical stimuli? If the 
answer is in the affirmative, can the canary 
learn to respond to the odd stimulus when 
Stimulus values are reversed from trial to 
trial? 


METHOD 
Subjects 


Three canaries (labeled A, B, and C) participated in 
the experiments after overnight food deprivation. 
Birds A and B had previous experience on a string- 
Pulling problem, and Bird A learned to position a truck 
Or box beneath a suspended food bin to retrieve food 
Otherwise inaccessible (3). 


Apparatus 
An apparatus quite similar to that used by Harlow 
(1) in his experiments on discrimination learning with 
Primates was adapted to the canary. A food tray was 
Placed outside the cage at a height where it was neces- 
Sary for the canary to jump from its customary perch 
oo the cage to a perch placed directly in front of 
the tray. In the preliminary experiments there were 
aree food wells; in the main experiments there were 
nine food wells, 


PROCEDURE AND RESULTS 


The canaries readily learned to jump to the 
Perch in front of the food tray and push 
aside an object which hid a pellet of grain in 

€ well below. In the prolonged series of 
Preliminary experiments (three stimulus ob- 
Jects) Birds A and B failed to learn to select 

* odd stimulus consistently. Although the 
as. of the two birds was quite efficient, 
d when stimulus reversal was involved, 

he attempt was made to facilitate learning 
Y substituting 9 stimulus objects instead of 
e previous 3. Nissen and McCulloch (2) 
ad shown that the chimpanzee more readily 
Pik gee to select the odd stimulus when it was 
St oe 11, rather than only 2, identical 
re 
a Since the selection of the odd stimulus was 
pParently facilitated when set against eight 
€ntical objects, we proceeded to the mam 


‘negative S 


question. If the stimulus values are reversed 
from one trial to the next, will the birds con- 
sistently select the odd stimulus? The stimulus 
objects—a small black chess pawn and an 
aspirin tablet—were selected from the objects 
used in the preliminary experiments. In all 
experiments the canary was permitted to cor- 
rect its errors. The results were striking— 
Birds A and B each had 13 hits in 18 trials. 
(The probability of getting a hit on the basis 
of chance alone is 1/9.) This experiment was 
repeated four times for each bird with 20 
trials to each experiment. Of the total of 98 
trials for each bird, Bird A had 76 hits and 
Bird B, 83. The results are even more signifi- 
cant when it is realized that the birds, after 
having displaced only one of the incorrect 
stimulus objects, went to the correct object. 
Such trials, however, were counted as errors. 

Bird C (a naive bird) was introduced to the 
trial-to-trial discrimination reversal problem 
after ten reinforcements in pushing aside a 
coin which hid food. The stimulus objects 
again were the black chess pawn and the 
aspirin tablet (eight of one kind and one of 
the other). This bird solved the problem after 
360 trials. In the final block of 20 trials (be- 
ginning with trial 361) the bird attained the 
criterion of at least 15 hits. 

Control experiments showed that the birds 
were neither responding to an alternation 
tendency nor to olfactory cues. 


DISCUSSION 


The obtained results seem to be in contradic- 
tion to Spence’s theory of discrimination 
learning. According to Spence, “the excitatory 
tendency of the positive stimulus...is in- 
creased in strength in a cumulative manner 
with each reinforcement while that of the 
timulus...is weakened cumula- 
tively with each failure of reinforcement" (5, 
p. 77). Moreover, in his theory “there is no 
assumption of a perception of the relational 
character of the situation” (4, p. 435). Spence’s 
theory seems to imply that learning cannot 
take place in a situation in which there is 
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reversal of stimulus values from trial to trial; 
such stimulus reversal would prevent the 
consistent strengthening of either an excitatory 
or inhibitory tendency in relation to a given 
stimulus. However, the three birds learned to 
select the odd, rewarded stimulus; Bird C 
mastered the problem despite trial-to-trial 
reversal from the very outset of training. 
These results are consistent with a perceptual 
interpretation: the birds learned to respond to 
the odd stimulus of a set of otherwise identical 
stimuli. Such an interpretation makes it un- 
necessary to assume, as Wodinsky and Bitter- 
man suggest in a similar experiment, that 
lower organisms are capable of an "abstract 
level of functioning" (6, p. 141). 


SUMMARY 


Three canaries were trained in a discrimina- 
tion problem which can be subsumed as a 
Special case of the oddity problem. All canaries 
were able to select the odd stimulus even when 
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reversal of stimulus values was involved. 
These results were interpreted as being con- 
sistent with a perceptual interpretation. 
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THE EFFECT OF SPATIAL CONTIG ITY ON 
; j SPATIAL NTIGUITY ON DISCRIMINATION LE y 
: S MIN: N LEA V 
BY RHESUS MONKEYS' —-— 


GERALD E. McCLEARN? AND HARRY F. HARLOW 


University of Wisconsin 


Aristotle's original formulation. (7) of the 
principle of association by contiguity placed 
Stress upon both temporal and spatial con- 
liguity. This duality of emphasis remained 
throughout the history of Associationism, 
receiving specilic formulation, for example, in 
= Mill’s (10) discussion of synchronous 

and successive order. 
ie years, however, temporal con- 
e Hand remained as an important theoreti- 
Whevens s "e and experimental variable, 
iunt p* contiguity has been relatively 
Spatial SB om cde of the importance of 
Studie Mex cid and the paucity o! pertinent 
this Yai irana] systematic exploration ol 

Tl iable is desirable. 

Bites this ela par was designed to investi- 

discriminatio ye ca int acquisition ina 

of spatial dien situation and various degrees 

Objets and poop d between the stimulus 

Poral factors > ocus of response, with tem- 
eld relatively constant. 


Sub jects METHOD 


Four à 

and 19 — thesus monkeys, numbers 137, 147, 150, 

four years cre Ss in thi periment. Approximately 

tamed and a lier, these animals had been thoroughly 

Since that Fs) oe to the general test situation, and 

discrimina time had participated in à large number of 
ation, discrimination-reversal, and delayed-re- 


Spons 
ne p d S CS H " : 
mate i roblems at the University of Wisconsin Pri- 


"Aboratory. 


A bb 

aratus 
a vertical test 
- carriage of 
ich has been 


The ; 
Panel apparatus consisted essentially of 
the hemes to fit the standard test tray 
Previously sie General Test Apparatus, wh 
The + escribed and illustrated (8). 
panel, shown in Figure l; 


Pair 
Ated w 
two y wooden board 26 in. sq. and 1, in. 


was a gray- 
1 ertical ' thick with 
tton at à slots each 2 in. wide extending from the 
Panel wa the panel to the top. The base of the test 
^ as 24 in, by 9!3 in. and contained two’ food 


t by the Re- 
| from, funds 
h Founda- 


1 T — 
his 
T Teseg H 
Scarch Coe was supported in par 
SUpplied ee of the Graduate Schoo! 
tion, y the Wisconsin Alumni Researc 


2 
“Now at y 
Vat Yale University. 


bue oae sep albeit 
spare di c s ertic ots were so 
constructed that. 2-in.-sq. wooden blocks could be i 
serted flush with the surface of the test panel “The 
response blocks rested on the base of the apparatus a d 
could be moved backward, exposing the food sells. The 
stimulus blocks, which could be moved vertically dn un 
slots up to 12 in. above the response blocks, were held 
at specified heights by means of pins inserted into hol ii 
drilled in the margin of the slot at the back of ihe 
panel. One stimulus block was painted white and the 
other black. The white stimulus block was the positive 
stimulus for all animals. 

Two gray doors which closed behind the slots pre- 
vented the animal from seeing E and, in addition, pro- 
vided a relatively homogeneous gray field. The only 
interruptions in the surface of the test panel were the 


vertical slots. 


Procedure 


as follows: The pins were in- 
serted at a predetermined level at the beginning of each 
trials. On each trial, the stimulus blocks 
were lowered simultaneously into the slots in pesitions 
determined. by Gellermann sequences (6). Both re- 
withdrawn, the correct food well was 
baited with a raisin, the blocks were replaced simul- 
tancously, and the doors were simultaneously closed to 
prevent possible differential sound cues The forward 
opaque screen of the Wisconsin Genera st Apparatus 
was raised, and the test tray carriage was pushed to- 
ward the animal and stopped at à position previously 
determined to lie between 50 and 90 per cent of the 
animal's mas imum reach (3). Following the animal's 
choice the carriage Was withdrawn, the forward screen 
lowered, and the next trial begun. The noncorrection 
technique was used throughout. All the described 
manipulations Were carried out on every trial so that 
sound cues would be constant whether or not the locus 
of the positive stimulus had changed from that of the 


previous trial. 


The test procedure W 


series of four 


sponse blocks were 


Experimental Design 

Spatial discontiguity Was measured in terms of the 
distance separating the upper margin of the response 
block and the lower margin of the stimulus block. The 
effect of the four magnitudes of separation, 0, 1, 2, and 
4in., was measured. These magnitudes ol separation are 


subsequently referred to as conditions 0, 1, 2. and 4, 
respectively 3 


The monk were given 04 test trials a day for 20 
A daily session consisted of 16 problems of 4 
xd the condition of spatial separation re- 
d during the 4 trials of a given prob- 
n (0, 1, 2, and 4) was presented four 


trials each, ar 
mained unchange 


Jem. Each conditior 
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Fic. 1. The test panel 


100 


90 


80 


70 


CONDITION 0 o—o 

lore 

60 2 aa 
4 o—o 


PCR CENT CORRECT RESPONSES 


50 


BLOCKS 


Fig. 2. Percentage of correct responses for blocks 
of days 


times during each day's session, with the sequence of 
presentation being determined independently for each 
animal and for each problem by permutation of latin 
Squares taken at random from the Fisher 
tables (4). This method Provided that no 
occurred for the second ti 
had appeared. 


and Yates 
condition 
me until all other conditions 


RESULTS 
Separate statistical measures for the several 
aspects of the data were computed because 
the marked skewness and heterogeneity of 
variance of the data, which remained even 
after. transformations, precluded meaningful 
use of an over-all analysis of variance, 


Learning 


The percentage of correct responses plotted 
against five blocks of four days each with 
magnitude of spatial separation as parameter 
is presented in Figure 2, 

The curves for each condition show a 
marked initial rise and a subsequent apparent 
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TABLE 1 
Overall Learning for All Conditions 
Condition D Sp 1 p< 
0 - 203 .016 12.72 .01 
1 -305 039 7.82 .01 
2 387 037 .01 
4 379 . 068 Ol 
Combined .318 .029 .01 
TABLE 2 
Total Correct Responses for 20 Days 
Animals 
Condition 
159 180 u7 137 
0 307 307 308 303 
1 288 292 289 298 
2 279 272 272 289 
4 275 242 266 285 


approach to an asymptote at a high level of 
performance. Furthermore, the data of Table 
1 show that the learning under each condition 
and for all conditions combined was significant 
at the .01 level of confidence. The values of / 
reported were obtained by computing 4 
difference score (D = percentage of correct 
responses on block 5 minus percentage of 
correct responses on block 1) for each animal 
under each condition, obtaining the mean 
value of D (D) for each condition, and dividing 
by the corresponding standard error. _ 

The null hypothesis tested was that D a 0. 
The probability values associated with / indi- 
cate that this hypothesis may be rejected for 
all conditions at the .01 level of confidence. 
That is, there is a significant improvement in 
performance from block 1 to block 5. 


Efect of Experimental Conditions on Perform- 
ance 


Table 2 presents the total correct responses 
by all animals for all conditions over the entire 
20 days. 

Inspection of the data shows that when the 
conditions are placed in rank order from that 
under which performance was best to thal 
under which performance was poorest, the 
order 0, 1, 2, 4 is obtained for each animal. 
There are no inversions or negative cases 
If it is assumed as a null hypothesis that one 
resulting order is as likely as any other, the 
probability of obtaining 0, 1, 2, 4 for any one 
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; animal is 1/x and the probability of 0, 1, 2, 4 


for all animals is (1/x)!, where x is the num- 
ber of possible orders. The value of x will be 
given by „P, = 4!/0! = 24. Thus, the proba- 
bility of obtaining the rank order of 0, 1, 2, 4 
for all animals is (1/24), and hence the effects 
of conditions on performance are statistically 
Significant. 

Corroborating evidence was obtained from 
an analysis of variance computed on the error 
Scores for the first block of four days, from 
Which it was possible to eliminate hetero- 
geneity of variance by the VX + .5 trans- 
Ormation. The F value for the experimental 
Conditions was 20.79, which for 3 and 9 df is 
Significant at the .01 level of confidence, 
Supporting the argument presented above. 


DISCUSSION 


The data of the present experiment indicate 
that spatial discontiguity between the differ- 
ential stimuli (CS) and the locus of response 
adversely affects discrimination learning by 
Monkeys, and that the relationship between 
the degree of stimulus contiguity and efficiency 
9f performance is orderly. 

Although the authors failed to find previous 
Goa studies of the effect of spatial con- 
eee on efficiency of learning, there are a 
ti mber of reports in which spatial discon- 
eae, between CS and locus of response was 
» vertently introduced through inadequacies 

apparatus or other factors. 
co Andrew and Harlow (1) in a study of 
ry M iormation trained their monkey Ss 
st discriminate between two differential 
ia. which were supported, by means of 

Tes, 2 in. above identical wooden bases. 
err rning was far slower and many more 
Eius were made than when comparable 
W qs were placed directly over the food 
Dro S. Similarly, Gellermann (5).made no 

x es after 500 trials in training two chim- 

m ees to discriminate when the stimuli 
t E mounted on the front of two boxes and 

o animals were required to lift the ap- 

Aum box lid to obtain a reward. Geller- 

D states: “At-this point the forms were 

Perd of the form-presentation frame and 

in positions adjacent to the box lids. 


nder these conditions, the apes learned to . 


Te; $ 
Spond correctly in about 50 trials apiece” 
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(5, p. 12). Actually, Gellermann’s revised 
apparatus was so arranged that unnecessary 
spatial discontiguity between CS and locus 
of response resulted, and the relatively in- 
efficient performances by Gellermann’s chim- 
panzees may have resulted in part from this 
factor. 

Recently Wodinsky, Varley, and Bitterman 
(12) have investigated discrimination learning 
of rats in a four-window jumping apparatus. 
In one condition the rats jumped to differ- 
ential stimulus cards placed in the two end 
windows, and in another condition they 
jumped to the appropriate window in an end 
position in response to differential cards 
placed in the center windows. In all tests the 
rats were more efficient when they jumped to 
the stimulus card offering the differential cue 
than when they jumped to a card lateral to 
the differential cue card. 

Much of the apparatus used by the early 
comparative psychologists proved to be 
spectacularly inefficient, doubtless in part a 
result of spatial discontiguity between CS 
and locus of response, or between CS and US. 
The Yerkes-Watson discrimination apparatus 
(13) is a classical example, for the US was 
removed from the CS the maximal distance 
and direction which the size of the apparatus 
permitted. 

Although the effect of spatial contiguity on 
learning has attracted little attention, it 
should be noted that there have been investi- 
gations of spatial contiguity of CS and locus 
of response as it affects generalization. (2) 
and of the spatial relationships among un- 
learned signs and releasers (11). A more 
detailed discussion of the role of spatial 
contiguity in standard learning situations is 
presented by McClearn (9). 

Although spatial contiguity has been 
measured and described simply as a function 
of stimulus-separation distance, the problem 
is in all probability much more complex, and 
such factors as the plane of stimulus separation 


“may play an important role. Furthermore, 


psychological spatial discontiguity is probably 
not linear and may be logarithmic. 
SUMMARY AND CONCLUSIONS 


Four monkeys were trained on a discrimina- 
tion problem with 0, 1, 2, and 4 in. of vertical 
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separation between the differential stimuli 
and the locus of response. Sixty-four trials 
were given each day for 20 days. An inverse 
relationship was found between magnitude of 
spatial separation and efficiency of perform- 
ance. The relative disparity among conditions 
of separation decreased with training, all 
curves approaching asymptotes at levels 
above 90 per cent correct responses. 
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“CUE” VS. “REACTIVE INHIBITION” IN PLACE AND RESPONSE LEARNING 


EUGENE GALANTER anp WILLIAM A. SHAW 
University of Pennsylvania 


The experiment by Tolman, Ritchie, and 
Kalish (9) on spatial learning in rats produced 
data that were used to support the interpreta- 
tion of “what is learned,” suggested by Tolman 
etal., and implicitly to reject the reinforcement 
interpretation as stated by Hull (5). This 
experiment required one group of animals to 
make alternate responses depending upon the 
starting point in order to find food at the same 
place, and another group to make identical 
responses from alternate starting places to 
find food at alternate places. Tolman ef al. 
discovered that the first group, the “place” 
group, learned with fewer errors and in fewer 
trials than did the other, “response,” group. 
The generalized interpretation of these results 
was that animals that learned to go to a spe- 
cific place for food learned more efficiently 
than animals that learned specific responses 
(if this in fact was what they learned). 

An experiment was performed by Blodgett 
and McCutchan (1) to demonstrate that 
Spatial learning is neither easier nor more 

primitive” than response learning, and by 
Thompson and Thompson (7) to demonstrate 
that spatial learning was an artifact of the 
techniques used in training (massed trials). 

The Blodgett and McCutchan experiment 
Served to indicate that environmental content 
Was a necessary condition for the existence of 
Spatial learning. Munn (6) suggests that the 
existence of the environment required the 
Tesponse group to learn an abstracted response. 
Both these statements support the view that 
animals can learn places in a well-structured 
environment, but the limiting effects of the 
Environment have only been touched on by the 

lodgett and McCutchan study (1). 

On the other hand, the Thompson and 
A hompson (7) experiment presumably revealed, 
ni methodological flaw in the California tech- 

que. They pointed out that in the original 
Place-learning study the use of massed trials 
Would operate in favor of the place-learning 
8toup because of the effects of "reactive in- 

ibition.” This refers to the tendency of an 


animal to avoid repeating a response identical 
to the one preceding. If it could be shown that 
massed trials account for the difference be- 
tween the two groups, severe limitations would 
have to be applied to the interpretation of the 
experiment as support for cognitive theory. 

In Hull’s system the magnitude of reactive 
inhibition is a function of work and, unlike 
habit strength, dissipates as a (monotonic) 
function of time. Therefore, with massed 
trials, the order of responses required by the 
place-learning group would make any reactive 
inhibition which was generated aid their 
performance. In testing this hypothesis 
Thompson and Thompson found, using 
spaced trials, no significant difference between 
place and response groups. 

But Thompson and Thompson, while cor- 
recting the methodological flaw in the original 
design, came up with one of their own. It seems 
evident a priori that if place learning is de- 
pendent on the establishment of “cognitive 
maps,” the completeness of the map is by 
definition dependent on the presence of a 
terrain to be mapped. Thompson and Thomp- 
son, in utilizing an undifferentiated black 
curtain around their maze, effectively elimi- 
nated, as far as the visual environment of the 
experimental animals was concerned, the 
presence of any place to which that group 
could respond. (‘Presence,” as used here, 
means presence in the perceptual field of the 
organism; "terrain" refers to that environ- 
ment which is in a fixed functional relationship 
to the path over which the organism loco- 
motes.) 

The present experiment was designed to 
reproduce the environmental conditions that 
Blodgett and McCutchan have shown are 
necessary for the existence of place learning, 
and to discover if the interpretation in terms 
of reactive inhibition is sufficient. Also, to 
test whether environmental properties are the 
sufficient condition for the existence of the 
phenomenon, variations in the experimental 
environment were introduced. 
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METHOD 


Apparatus 
An elevated T maze, identical to the maze used by 
Tolman, Ritchie, and Kalish, was constructed (9). It 
was painted flat black and was modified for use with 
group III by the installation of two flashlight bulbs 
centered on top of the wire curtain rod in front of the 
food boxes. These bulbs were painted black on three 
sides, so that when turned on, a directional light was 
cast down the long arm of the maze. To the dark- 
adapted observer, it was extremely difficult to make out 
any of the surrounding environment. The food boxes at 
either end contained a pan, filled before each set of trials 
with a mixture of warm milk and dry puppy biscuit. 
The maze was located in a room approximately 12 by 
30 ft. The ceiling was about 18 ft. high, and during the 
training of groups I, II, and IV there was sufficient 
unbalanced illumination and other extramaze environ- 
ment to insure orientation. The home cages were about 
12 ft. from the maze, and groups I, II, and IV were 
kept in a special cage to the right of f-1 during trials. 
The rats in group III were kept in a cage immediately 

under the choice point during their trials. 


Animals 


Four groups of eight rats each were used. They were 
mixed male and female albinos of a Wistar strain. At 
the beginning of training they were approximately two 
months old and weighed (mean weight) 80 gm. They 
had been on a dry food maintenance schedule for two 
weeks before beginning training. The feeding cycle was 
established as an alternate-day feeding to satiety, fol- 
lowed by a 24-hr. deprivation. During training, groups 
I (place learners) and II (response learners) were run 
and fed between 2 and 5 p.m. on Tuesday, Thursday, 
and Saturday. Group III Ss (place and response learn- 
ers) were run between 8 and 10 p.m. on Monday, 
Wednesday, and Friday. Group IV Ss were run on 
Monday, Wednesday, and Friday afternoon. All groups 
were fed so as to experience 24 hr. of total food depriva- 
tion before any block of trials. Water was available in 
the home cage at all times. 


Procedure 


All four groups were given the same preliminary 
training. Section f-1, f-2 was placed about 7 ft. from its 
final position and at right angles to it. On the first day 
the rats were fed by hand in each of the two food boxes 
for 5 min. each. They were then placed in the center of 
the run and allowed to go to either end, where they 
were removed and returned to the home cages. One-half 
hour later they were given their regular feeding. 

On the second day, with the run in the same position, 
each rat was started from the center of the run, anda 
block was placed behind the curtain at the food box 
toward which they started. Thus, they were forced to 
return to the other end of the run for food. After feeding 
for 5 min. they were rerun in the same way two more 
times. After this, they were returned to the home cages, 
and J£ hr. later they were given their regular ration. 
This training was continued for two more days. 
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After this the regular training began. The maze was 
moved to its final position. The training of each group 
was conducted as follows: E 

Group I. A trial was given to determine the position 
preference of the rat. After it had made this choice, it 
was allowed to feed and then was removed from the 
situation. The choice made on this trial was recorded, 
and for every trial thereafter, the rat was forced, by 
blocking the side originally chosen, to find food at the 
opposite side. Following the initial trial, each rat was 
given a block of 6 trials daily, with half the trials start- 
ing from s-1 and the other half from s-2. On even days 
the order was 1-2-2-1-1-2, on odd days 2-1-1-2-2-1. 
When starting from s-1, the animal found the food at f-1 


"(or f-2, depending on the original preference); when 


starting from s-2, S found the food at the same point. 
Therefore, group I was learning always to go to the same 
food box to find food, while having to make a right oF 
left turn at the choice point, depending upon the en! 
from which it started. Fifteen or 20 min. elapsed be- 
tween trials for any one rat. This time was used to 1D- 
sure a lessened reactive inhibition. The blocks use 
were changed every 6 trials, and the run f-1, r2 we 
rotated end for end every 6 trials. Records were kept © 
errors, which were recorded whenever a rat entered upon 
an improper alley for a distance of 12 in. or re-entere 
the short arm after crossing the choice point. The crite- 
rion for learning was 10 errorless consecutive trials, 9 
72 trials, whichever occurred first. 

Group II. The procedure outlined for group I ap- 
plies except that the position-preference trial was elimi 
nated. When the trial run started from s-1, the anim? 
was allowed to find food at f-1, with f-2 being blocked. 
When starting from s-2, the rat found food at f-2 and f 
was blocked. Thus, the rats had to learn to turn ng 
regardless of the end from which they started. 
same interval between trials was used, and the same 
records were kept. The maze was not rotated for this 
group, nor were the blocks changed. The criterion Wa5 
the same. 

Group III. Trials were run at night in the dark, the 
only source of illumination being the small bulbs at one 
or the other end of the maze. The trials were alternate 
as with group I, but this group, when starting from 5 1 
found the open food box at f-1, and the light above t- 
was on. When starting from s-2, the animals found t 4 
the food box at f-2 was open and that at f-1 blocke®* 
and the light this time was at f-2. The difference ! 
brightness between f-1 and f-2 was 42 db. This group 
had to learn always to make a right turn and always 
run toward the light. In terms of the definitions pU 
posed by Tolman, Ritchie, and Kalish (9) for the type 
of learning in groups I and II, group III was develop? 
both a place habit and a response habit. The same this 
ords were kept, and the same criterion was used for 
group. i T. 

Group IV. These animals were run in the same n 
vironment as groups I and II. They always started m en 
s-1 and were allowed to find food at f-1. The rats " ys 
always had to turn right at the choice point and 2. ies 
started from the same place. The same records # 
critezion were used. 

It is important to emphasize that for groups Tan al 
the “cues” associated with the response were 1 e 
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FACTORS INFLUENCING PLACE AND RESPONSE LEARNING 


TABLE 1 


Means and Standard Deviations of Number of Trials 
to Criterion and Errors for All Groups 


‘TRIALS ERRORS 
GROUP 
Mean SD Mean SD 
I 8.0 8.48 4.6 3.45 
II 38.6 22.11 26.9 21.14 
II 16.4 13.65 15.2 14.25 
IV 1.9 0.64 Lot 0.84 


case antagonistic; i.e., the visual cues for group I were 
Consistent with respect to the goal, while the proprio- 
Ceptive cues instigated by the turning response were 
systematically varied. For groups III and IV, however, 
the visual and proprioceptive cues were always invari- 
ant with respect to the goal. Group III had limited but 
invariant visual cues, while group IV had unlimited 
visual cues which were also consistent with the turning 
Tesponse. 


RESULTS 


Table 1 shows the means and standard 
deviations of number of trials required to 
reach the criterion and number of errors made 
by each group before reaching the criterion. 

The significance of the differences between 
the groups as measured by the Wilcoxon T test 
for ranked unpaired replicates gave p values 
of less than .01 for groups I and II, II and IV, 
and III and IV. The ? for the difference 
between groups I and IV was less than .05, 
While the differences between groups I and 
TIT and II and III were not significant. 

The interpretation of the data presented 
Should take into consideration the fact that 
two animals in group II (response learners) 

id not reach the criterion within the 72 trials 
allowed. Therefore, although a mean error 
Score was computed for group II, the mean 
Value is undoubtedly deflated, since the 
animals appeared to have developed a “place” 
UR and were therefore making 50 per cent 
TTors. It should be mentioned that all the 
Tats in group III turned away from the light 
9n the first trial. 


DISCUSSION 


mone Tolman, Ritchie, and Kalish experiment 
sate rerun to allow for the dissipation of re- 
ive inhibition, which had been suggested 
z4 y hompson and Thompson as an uncon- 
Olled variable in the original study. Our 
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results, which allowed for control of this vari- 
able, were not compatible with those reported 
by Thompson and Thompson. The only differ- 
ence in experimental technique between our 
study and theirs was that the environment 
for groups I, II, and IV in our experiment 
provided the animals with more “signs,” 
“cues,” or "articulation." If we can assume 
that the technique of spacing trials minimized 
reactive inhibition, then we can conclude that 
control of this variable is irrelevant. 

It is suggested by our experiment that the 
number and consistency of cues are a more 
effective explanation of the outcome of place- 
learning experiments than the construct “Te- 
active inhibition.” As both Thompson and 
Thompson, and Blodgett and McCutchan have 
already pointed out, certain space props in the 
original Tolman experiment were working 
against the response group. By the same 
reasoning, lack of space props must operate 
against the place group, as has been shown 
by Blodgett and McCutchan. As Munn sug- 
gests, the interpretation on the basis of exist- 
ing data is difficult. However, our group II 
may help clarify the situation. This group, 
although learning the same place and the same 
response, reveals less efficiency than the origi- 
nal place group. In this situation there is no 
possible antagonism of stimulus support, 
either interoceptive or exteroceptive, for the 
appropriate response. We would agree with 
Estes (2) that an interpretation in terms of the 
sheer number of available cues or signs, Kes 
stimulus elements “conditioned to” response 
categories, perhaps weighted as Hebb (3) 
suggests for perceptual constancy during 
locomotion, and which are invariant with 
respect to the spatial disposition of the “food 
place,” may be both the necessary and suffi- 
cient conditions for differences in efficiency of 
learning. Thus we would suggest that func- 
tional significance concerning the eating place 
accrues to the structure of the organism and 
the environment during repeated trials. An 
increase in the “confidence” or "probability" 
of the response occurs as the number of in- 
variant cues having this functional significance 
increases. 

Using Honzik's (4) empirical data to weight 
the relative confidences ascribable to cues 
impinging on various modalities, we can de- 
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rive the order of rapidity of learning for our 
four groups. Honzik’s data indicate that visual 
cues are much more important than proprio- 
ceptive. Therefore, weighting visual cues 
heavily in general and considering them equal 
when their number is small (e.g., group III), 
we can schematize our outcome as follows: 


Effi- 
ciency Invariant Cues Group 
1 VISUAL + proprioceptive IV 
2 SUREN proprioceptive i 
3 visual + proprioceptive IH 
1 
4 


VISUAL + proprioceptive II 


'The use of the reciprocal of the cue indicates 
that the two modalities are antagonistic. The 
probability that the outcome for the four 
groups will be in this order by chance alone is 
1 in 24. 

We may rightly insist that if response learn- 
ing demonstrates the simple acquisition of 
habits with environmental conditions held 
constant (or, rather, assumed nonexistent), 
and if S-R theory is designed merely to ex- 
plain learning under such conditions, then S-R 
theory lacks the concepts necessary to explain 
the above data. However, such a negative 
contribution does nothing to help formulate a 
cognitive theory. Toward this end it seems 
wise, in view of the results obtained, for 
cognitive theoreticians to devote time and 
energy to an analysis of the perceptual con- 
figurations (i.e., Tolman's [8] S or differentia- 
tion variables) such as "place," "path," 
“terrain,” etc., which seem to be prime factors 
in determining behavior at the choice point. 

Such theoretical formulations are not the 
goal of the present paper. However, program- 
matic research directed toward an empirical 
determination of the effects of variation in 
stimulus energy and distribution as a function 
of the experimental route seems fruitful as 


a first step in the construction of a cognitive 
theory. 
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SUMMARY 


1. Four groups of rats were run in a T maze 
with alternate starting places under varying 
environmental and performance schedules. 

2. 'The rats (group I) that were always run 
to the same places to find food, regardless of 
the point from which they started, learned the 
maze rapidly even though the trials were 
spaced to allow for the dissipation of reactive 
inhibition. 

3. The rats (group II) that learned always 
to make a specific turn at the choice point 
regardless of the starting position, learne 
most slowly, even with time allowed for the 
dissipation of reactive inhibition. . 

4. The rats (group III) that were required to 
learn with minimum visual environment but 
had only to learn to make the same turn an 
go to the same place learned less rapidly than 
group I but more rapidly than group II. 

5. The rats (group IV) that learned to make 
the same turn to the same place in a Pe 
ceptually rich environment learned most 
rapidly. 
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THE TEMPORAL DISTRIBUTION OF AVOIDANCE RESPONSES 


MURRAY SIDMAN 
Army Medical Service Graduate School 


_ Several recent studies of avoidance condi- 
tioning have utilized a technique in which 
brief shocks were administered to white 
Tats every few seconds, with no warning signal 
to indicate an impending shock. Each emission 
of a lever press by the animal served to delay 
the occurrence of the shock. Among the data 
reported were the following observations: If 
the animal is shocked every time it permits, 
€.g., 20 sec., to pass without a lever press, it 
eventually develops a relatively stable rate of 
lever pressing (8). When the time interval 
Within which it is required to press the lever 
ls changed, the response rate varies also as a 
function of this interval (9). Furthermore, if 
two responses are available, each of which 
delays the shock for a different time interval, 
it will more often use that response which 
delays the shock for a longer time (10). 

These data suggest that temporal dis- 
Crimination plays an important role in the 
avoidance conditioning that results from the 
above procedure. The strongest indirect 
evidence against the existence of such a 
discrimination is provided by the observation 
that avoidance conditioning occurs when the 
Shock is not terminated by the lever press. 
In this case it may be asked why time (more 
accurately, some event occurring regularly in 
time) should cue lever pressing rather than 
other behavior, unconditioned or otherwise, 
Which accompanies shock termination. This 
argument, of course, applies only to acquisition 
Stages of the avoidance response and not to 

€ maintenance stages after it has been well 
earned, 

di The present experiment supplies a more 

Jrect test of the suggestion that time condi- 
tioning can account for some or all of the 
Properties of the avoidance resporse. Since ne 
en ebtive warning signal is „provided 
Sine onset or termination might delineate the 

of an interval, it is necessary to look to 
ss avoidance response itself to perform this 
is ction. That is, a time discrimination, if 

Y, must be based upon the occurrence of an 


avoidance response plus the subsequent 
passage of time. In this study the frequency 
distribution of intervals between successive 
responses served to indicate the presence or 
absence of temporal discrimination. 


METHOD 


Subjects and Apparatus 


The Ss were white rats and domestic cats. The 
general shock and control apparatus has already been 
described elsewhere (9). In brief, the animals were 
placed in a small experimental box with a grid floor 
through which shocks were delivered. A lever protruded 
through one wall of the box. The cat apparatus was 
essentially an enlarged version of that used for the rats. 
A system of relays and timers provided automatic shock 
control. Total responses and shocks were recorded on 
electrical impulse counters, with continuous records 
being taken on Harvard cumulative recorders. A fre- 
quency distribution of time intervals between succes- 
sive responses was automatically tabulated for each 
session on a combination timing-counting device. A 
random noise generator masked sounds from the 


control apparatus. 


Procedure 


Rals. Brief shocks of fixed duration (0.2-0.3 sec.) 
occurred every 20 sec. as long as no lever-pressing 
response was emitted. Any lever press, however, de- 
layed the appearance of the next shock for 20 sec. 
(R-S interval). In this way a minimum interval of 20 
sec. was assured between lever depression and shock. 
Only the initial depression of the lever delayed the 
shock; holding the lever down did not affect the inter- 
val. Each session lasted 7 hr., and the animals ran every 
other day. 

Cats. The procedure was essentially the same as for 
the rats except that the animals determined the shock 
duration. When the shock came on, because of the 
animal’s failure to respond on time, it stayed on until a 
lever press occurred. In this case the lever-pressing 
response served both to avoid and escape shock. The 
period by which each response delayed the shock dif- 
fered from that used for the rats, being either 21, 30, 
or 45 sec. The R-S intervals used are identified in the 
accompanying data. Experimental sessions lasted 2 to 
3 hr., and the cats were run daily. 


RESULTS 


Representative. frequency distributions of 
the time intervals between successive responses 
are presented for three animals in Figure 1. 
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Fic. 1. Frequency distributions of the time inter- 
vals between successive responses. R-S intervals are 
20 sec. for the rats and 21 sec. for the cat. 
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Fic. 2. The percentage of interresponse time in- 
tervals greater than /, where? is timein seconds. Rate of 
responding in responses per second is r. The line through 
the data is a plot of the equation, Ps; = e. 


Short interresponse intervals predominate, 
with a general decline in the frequency of 
longer intervals. 

Figure 2 carries the analysis a step further. 
The equation, P, = &- has been fitted 
to the cumulative distribution. Ps, is the 
probability of observing an interresponse 
interval greater than /; r is the response rate, 
and € is the base of Naperian logarithms. 
This equation may be derived from the as- 
sumption that the responses are randomly 
distributed in time. Two successive 7-hr. 
sessions have been included in Figure 2 in 
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Fic. 3. An example of the Type I deviation from the 
theoretical assumption of random responding. R-S 
interval — 45 sec., and r is response rate in responses 
per second. 
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Fic. 4. An example of the shift of the Type I and 
Type II deviations during a 7-hr. session late in Ei. 
ing. Response rate in responses per second is notedby f* 


order to provide some indication of the 
stability of the distribution. 

Two types of systematic deviation fro™ 
random responding are often observed. 
example of the first of these (Type I deviation) 
is illustrated in Figure 3. The dip of the 
empirical function below the theoretical 02° 
at short intervals indicates a tendency fF 
responses to occur in short bursts. The TyP® f 
deviation.is especially prominent at the start 9 
conditioning, but tends to decrease W! 
time, both within and between sessions: 
Figure 4 (which also contains a Type 7 
deviation) illustrates an extreme example RÀ 
which the short bursts of responding disapP*? 
efter the first 75 min. of a session late ! 
training. 
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The second type of deviation (Type ID, 
often observed in conjunction with the first, is 
illustrated in Figure 4. The empirical function 
crosses above the theoretical one, remains 
higher in the middle range of intervals, and 
then crosses below it at the longer intervals. 
This indicates an excessive number of those 
interresponse intervals which fall between the 
two points of intersection of the curves. 

In addition to its location on the function, 
this deviation differs from the first in that it 
tends, with continued training, to become 
more prominent both within and between 
Sessions. In Figure 4 the increased Type II 
deviation, along with the decreased Type I 
deviation after the first hour and a quarter, 
accompanies a considerable drop in the rate 
of responding. 


DISCUSSION 


The data clearly show that time condition- 
ing is not responsible for the avoidance 
behavior. The shape of the distributions in 
Figure 1 is the mirror image of what would be 
expected if a well-developed temporal dis- 
crimination were present. Additional emphasis 
is given to this conclusion by the close re- 
semblance of the cumulative distribution to a 
function derived from the assumption of 
random responding in time. 

This theoretical assumption, however, is 
Subject to qualifications imposed by two types 
of deviation from randomness. Of the two, 
the Type I deviation (short bursts of responses) 
is the least understood. It is possible to 
attribute these rapid responses to an emo- 
tional effect generated by the shock. The 
tendency of the Type I deviation to adapt out 
With continued training gives some support to 
E is suggestion. Experimental procedures 
designed to identify the controlling variables 
are presently being tested. s 

The Type II deviation from random re- 
Sponding is of the sort to be expected if an 
Imperfect time discrimination were to form, 

the example of Figure 4 (lower frame), 
plus of approximately 2 to 12 sec. between 
k Ponses occur +more often than would be 
fee a on the assumption of random re- 
Paget while intervals greater than, 12 
The occur less often than would be expected. 
Occurrence of an avoidance response 
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Fic. 5. An extreme Type II deviation indicating a 
well-developed time discrimination after continued 
training 


appears to initiate a “safe period" during which 
competing behavior temporarily recovers in 
strength. In the case of one animal this safe 
period was observed to increase in duration 
and effectiveness, with the consequent forma- 
tion of a rather precise time discrimination 
(Fig. 5). It must be emphasized, however, 
that such a discrimination, in either its mild 
or extreme form, appears only after prolonged 
exposure of the organism to the experimental 
procedure, and can in no way be considered 
necessary for original conditioning of the 
avoidance response. 


General Considerations 


The question may be raised as to the 
relevance of the random or near-random 
distribution of avoidance responses for current 
theories of avoidance conditioning. No problem 
is posed for drive-reduction theories of either 
the Miller (3) or Mowrer (4) variety. These 
writers hold that an acquired drive (“fear” 
or “anxiety”) motivates the occurrence of 
the response, and the termination of this 
drive reinforces the response. Since the 
properties of the drive are known from the 
properties of the behavior observed, it only 
remains to postulate that, under the present 
procedure, the acquired drive occurs randomly 
in time. 

A theory which “derives” quantitative 
properties by postulate is unsatisfactory in 
many respects. The formulation employed 
by the writer (9, 10), in line with earlier 
developments by Hefferline (2) and Schoen- 
feld (6), also suffers from the defect of being 
nonquantitative. However, in holding the 
punishment of nonavoidance behavior to be 
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crucial, it does possess the advantage of 
specifying observable events which can be 
studied directly for evidence of randomness, 
depression by punishment, and other relevant 
properties. Techniques for performing such 
observations have been reported by several 
investigators (1, 7, 10, 11). 

Finally, there is a close correspondence 
between the present data and those reported 
by Mueller (5). From an experiment on 
periodic food reinforcement, Mueller obtained 
frequency distributions of interresponse time 
intervals which were remarkably similar to 
those obtained here in an avoidance situation. 
The resemblance suggests two avenues of 
future theoretical inquiry: (a) an extension 
to avoidance behavior of Mueller's theory of 
the relation between measures of conditioning, 
and (b) a search for basic processes common 
both to avoidance and nonavoidance situa- 
tions. 

SUMMARY 


With rats and cats as Ss, an avoidance 
conditioning technique was employed in 
which every lever press delayed a shock for a 
specified time interval. There was no warning 
signal to indicate an approaching shock. 
Frequency distributions were made of time 
intervals between successive responses. 

The frequency distributions indicated clearly 
that avoidance conditioning in this situation is 
not a product of time discrimination. Re- 
sponses were distributed randomly or near 
randomly in time, with two types of commonly 
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observed deviations from random responding 
being noted. Theoretical significance of the 
data was discussed. 
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MAZE RETENTION DEFICIT FOLLOWING ELECTROCONVULSIVE SHOCK 
INDEPENDENT OF FEEDING SCHEDULE? 


ALLAN F. MIRSKY, EDMUND LOONEY, anv H. ENGER ROSVOLD 
Yale University 


Mirsky and Rosvold (3) demonstrated 
that rats allowed to feed ad libitum become 
less hungry following a course of electrocon- 
vulsive shocks (ECS), whereas rats kept on 
an 85 per cent of weight feeding schedule 
become more hungry. On the basis of these 
results, it was suggested that the maze deficit 
in ECS studies using a feeding regime that 
allows animals to maintain weight was due, 
at least in part, to the decreased hunger of the 
shocked rats. It was also suggested that 
studies in which restricted-weight feeding was 
employed might not show deficit because of 
the increased hunger of the shocked rats. The 
relevant ECS literature appeared to furnish 
evidence supporting this formulation. Com- 
paring the results of several studies, however, 
is not completely satisfactory because there 
are invariably a number of differences between 
studies in addition to the difference in feeding 
schedules. 

The purpose of the present investigation is 
to compare two groups of shocked rats on the 
retention of a food-rewarded maze habit, 
keeping similar all conditions except feeding 
schedule. It is predicted that the animals 
kept on a restricted-weight schedule should 
perform better following shock than animals 
fed on a schedule permitting them to maintain 
Weight. 


METHOD 
Subjects 


Thirty-three 150-day-old male albino rats of the 
Sprague-Dawley strain were housed individually and 
allowed to feed ad libitum for ten days. They were then 
Placed randomly into one of two groups. The group 
designated two-hour (N = 16) was thenceforth per- 
mitted to feed for 2 hr. daily on a mixture of two parts 
Water to one part ground Purina Laboratory Chow. The 
group designated 85 per cent of weight (W'S 17), after 

eing starved for one day to determine an empty 
Weight for each animal, was fed on a mash of similar 
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proportions, the amount given daily being adjusted to 
keep each animal at 85 per cent of its empty weight. 
Thirty days were allowed to accustom the animals to 
the 2-hr. schedule or to bring them down to 85 per cent 
of weight. The rats were weighed before their daily maze 
trials and fed after the last animal had finished its 
trials. 


Procedure 


Maze learning. Following adaptation to the feeding 
schedule, all rats were given 15 days of preliminary 
training on the practice problems of the Hebb-Williams 
closed-field test (1). They were then given eight trials 
on each of the 12 test problems of this maze, one prob- 
lem per day. The procedure and problems were identical 
with those used by Rabinovitch and Rosvold (4) except 
that both time and error scores were recorded. These 
measures are termed learning scores. Each feeding group 
was then separated randomly into two groups, a shock 
and a control group. The two-hour shock group origi- 
nally contained ten animals, but four died aíter shock. 
Thus, there were six two-hour shock Ss, ten two-hour 
controls, eight 85 per cent of weight shock Ss, and nine 
85 per cent of weight controls. 

Shock. Beginning on the day following the twelfth 
problem, the rats in the shock groups were given one 
shock per day for ten consecutive days; the control rats 
had the alligator clips attached to the ears on each 
day, but no shock was delivered. The shocking ap- 
paratus was that used by Mirsky and Rosvold (3), and 
it invariably produced a convulsion of the type de- 
scribed as tonic-clonic. 

Maze retention. After the ten days of shock or 
pseudo shock, the animals were again given eight trials 
on each of the 12 test problems. The time and error 
measures obtained are termed retention scores. 


RESULTS 


Table 1 presents the mean weights of the 
various groups at the beginning of the experi- 
ment and before the shocks were adminis- 
tered. The weight of a group of nine untreated 
animals fed ad libitum is included for compari- 
son. It is evident that although the 85 per 
cent of weight animals are approximately 50 
gm. lighter than the two-hour animals before 
shock, the animals fed ad libitum outweigh 
the two-hour animals by about 130 gm. 

The mean learning and retention scores for 
both time and errors are summarized in 
Table 2. The Mann-Whitney U test was used 
to evaluate differences. Each shock group 
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TABLE 1 


Mean Body Weight of Experimental Groups at 
Various Intervals 


Group 
Time of Measurement | AP | sss | 85-C | 2 5 Heic 
di | =| = rS S 
9) 6 | 10) 


Beginning of experi- |347.6/340.7/339.9/342.6/340.3 
ment 


Before shock 451.9/268.0/271.9/319.2|324.0 
TABLE 2 
Total Learning and Retention Time and Error Scores 
Group 

! l 2 Hr.- 
Manie 85-Shock j85-Control 2 Hr.-Shock Control 
Elg/eigle/elelg 
g kH g gls £ a |$ 
HENSEBEIJERERERE 

Errors 115.9/168.5/108.8 |60.3/121.3 253.0 |112.3/83.6 


Time (seconds) 894 | 4362 | 632 370 | 1380 | 7332 1452 | 722 


performed significantly worse than its control 
group if retention scores or savings scores 
(learning minus retention) are compared 
(p < .001 for both time and errors, retention 
or savings). Since learning differences exist 
between the two shock groups and the two 
control groups with respect to time scores 
(p < .001 in each case), the time-score reten- 
tion comparisons employ a difference between 
difference (learning minus retention) score. 
Because there was no significant difference in 
learning error scores between the two shock 
groups and the two control groups, retention 
error scores have been compared directly. 
These comparisons reveal that whereas there 
are significant differences in retention in the 
predicted direction between the shock groups 
with regard to errors (p = .041), the difference 
between the retention error scores of the two 
control groups is even more significant (p < 
-01). The difference between the retention time 
scores (corrected for learning differences) of 


the two shock groups is not significant (p = 
.38). 


DISCUSSION 


The results indicate that animals kept on a 
restricted weight schedule did not perform 
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better following shock than animals fed on a 
schedule permitting them to maintain weight. 


The retention time scores of the two groups . 


did not differ; the difference in error scores 
was less than that existing between the two 
control groups. This would suggest that the 
variable hunger (depending on body weight) 
following ECS noted by Mirsky and Rosvold 
(3) probably does not contribute significantly 
to the variation among ECS studies in the 
report of maze deficit following ECS. These 
studies and the present one used various 
ways of restricting food intake. In view of the 
fact that before shock the two-hour groups 
(although maintaining a steady gain in weight. 

were 130 gm. lighter than animals fed a 

libitum, it might have been more meaningful 
in terms of the Mirsky-Rosvold (3) effect to 
have run ad libitum animals in the me 
However, no previous study of the effect of EC 

on food-motivated maze running employe 

such a feeding schedule. Although the present 
study does not contradict the variations I! 
hunger reported by Mirsky and Rosvold (3), 
it does indicate that, contrary to their sug- 
gestion, the hunger variations consequent 
upon variations in body weight employed 1? 
most of the previous ECS studies probably 
do not account for the variations in the 
reports of studies of maze-retention deficit 
following ECS. 


SUMMARY 


1. Two groups of rats, one restricted e 
85 per cent of weight, the other allowed t 
feed sufficiently (2 hr. daily) to maintain : 
Steady gain in weight were trained on jd 
problems of the Hebb-Williams closed-fie 
test. 

2. Approximately half of each group wee 
given a series of ten electroconvulsive shock 
all animals were then tested for retention ? 
the problems. d 

3. Both groups of shocked animals perform 
significantly «(5 < .001) worse than the 
controls; no difference was discernible betw n 
the two differently fed groups in the amo" 
of deficit following shock. "E 

4. It was suggested that the vadit 
among previous studies in food-motlV? . se 
maze-retention deficit following conv ja 


een 
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shock is not attributable to variations in the 
body weight (and consequently, hunger drive) 
of the shocked animals. 
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STIMULATION DEAFNESS: A STUDY OF HEARING LOSSES RESULTING 
FROM EXPOSURE TO NOISE OR TO BLAST IMPULSES! 


S. E. LINDQUIST} W. D. NEFF, asp H. F. SCHUKNECHT* 
Laboratories of Physiological Psychology and Otolaryngology, University of Chicago 


Since the experiments of Wittmaack (12) 
and Yoshii (13), the exposure of ears of ex- 
perimental animals to intense sound stimuli 
has been a method repeatedly used in the 
study of hearing because it provides a way to 
produce lesions of the inner ear elements with- 
out damaging the conduction mechanism or 
the bony shell of the cochlea. A summary of 
studies done before 1935 has been given by 
Kemp (2), and discussions of later experi- 
ments may be found in the writings of Stevens 
and Davis (9) and Wever (10). 

In addition to the many experiments in 
which animals have been used as Ss, numerous 
studies have been made of the hearing losses 
incurred by human Ss exposed to excessive 
sound levels. Kryter (3) has given a concise, 
critical review of the latter investigations. 
Rüedi and Furrer have discussed in some de- 
tail the clinical aspects of acoustic trauma (6). 

With only a few exceptions, these studies 
of man and of lower animals have attempted 
to correlate (a) the characteristics of the sound 
stimulus with inner ear damage as found upon 
histological examination or (b) the charac- 
teristics of the stimulus with functional loss 
as measured by cochlear microphonics or re- 
flex responses of animals or by the audiograms 
of human Ss. 

In recent studies Smith and Wever (7, 8, 11) 
and Lurie, Davis, and Hawkins (4) have re- 
ported the results of both cochlear microphonic 
tests and of histological examination of ears 
exposed to pure tones at high intensity levels. 

'To complete the picture there is a need for 
comparable studies in which behavioral tests 
of hearing are made and intracochlear damage 
is assessed post mortem. To fulfill this need, 
a series of experiments was planned. In the 
first experiment, reported here, temporary 
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hearing losses produced by exposure to noise 
and permanent losses produced by the blasts 
of a starting pistol have been studied. Cochleas 
of the animals suffering permanent hearing 
loss have been examined and the locus and 
extent of damage correlated with the hearing 
losses. 


METHOD 


The Ss of the experiment were adult cats. In ps 
to confine hearing tests and noise stimulation ui 
single ear, one ear of each cat was destroyed surgic e 

After recovery from the operation, animals wè " 
trained by the conditioned avoidance method to > 
spond to tonal signals by running forward in & pei $ 
cage. Stimulus limens were then determined for For 
quencies at octave steps from 62.5 to 16,000 c.p:S. è 
further details of the training and testing procedures 
see Neff (5). re 

After audiograms had been obtained, animals we! 
exposed to intense noise produced by a gas-tube tei 
generator, the output of which was amplified and fe 
to a Jensen HNP-51 speaker. The frequency spectrum 
of the noise, measured from a point within the rd 
cage, is shown in Figure 1. A calibrated 640 AA CO ê 
denser microphone and an RA 1095 preamplifier ve 
used. The output of the preamplifier was measure' dm 
a Hewlitt-Packard Model 300 A Harmonic Anes 
with half-band width control set to 145 c.p.s. At L^ 
selectivity, the response of the analyzer is attenua! 
approximately 40 db at 145 c.p.s. on each side of 1s 
center frequency. The over-all level of the noise w 
107 db re 1075 watts/cm?. This measure was ve 
with the condenser microphone feeding into a Ballan 
voltmeter. During noise exposure the animal 
unanesthetized and free to move about within sts- 
limits of the rotating cage used for conditioning bii 
Exposure times of 15, 30, and 60 min. were used. " 
animal was exposed for each of these durations; 2° x 
exposure was made until there was complete rem i 
from any hearing loss produced by an earlier arm s 
The order of exposure with respect to duration ere 
varied for different animals, i.e., some animals M 
first exposed for 15 sec., some for 60, and some QA 
Threshold tests were started within 5 min. after b als 
tion of a given'exposure and were repeated at inter os 
until complete recovery from temporary hearing 
occurred. tized 

In a second part of the experiment, anesthe ed 
animals were exposed to the blasts of noise pro gain 
by the fring of a .32 caliber starting pistol Afr. 
hearirig tests were made at intervals until comple e 
cevery had occurred or until a deficit remaine! hearing 
same level over a period of several weeks. I 
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additional exposures to the blast 
n until a permanent loss had been 


returned to normal. 
stimulation were giv 
produced, The animals were then killed, the cochleas 
were | examination, and 


prepared for histologi 
graphie plots were made of the inner ear damage. 


RESULTS 


Temporary Deafness 


Sight animals were exposed to noise ac- 
cording to the procedure described above. 
In every case postexposure tests revealed. a 
temporary hearing loss which was greatest 
for frequencies in the range from 2000 to 8000 
Gp. 

For the exposure times (15, 30, and 60 min.) 
used in the present experiment, no regular 
relationship was found between amount of 
hearing loss and length of exposure time. For 
some animals there was an increase in hearing 
deficit with increase in exposure time; for 
others the reverse was true, the greatest loss 
the 15-min. exposure period. 


occurring after 
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And for a third group the losses were almost 
identical for all three exposure times. 

The hearing losses produced by the noise 
were temporary in every case. Tests were re- 
peated after each exposure until the threshold 
curve had returned to normal. The curves in 
Figure 2 show the gradual recovery of function 
which typically occurs. The time intervals be- 
tween postexposure tests were not the same 
for all animals, so exact comparisons of rate 
of recovery cannot be made. Although indi- 
vidual differences were again great, in general, 
length of time for recovery was more closely 
related to amount of immediate postexposure 
deficit than to length of exposure time. 

In three animals (cats 1, 2, and 3), nearly 
complete recovery from the hearing los "s 
produced by initial exposures to the blasts 
of the .32-caliber starting pistol was found. 
Although the immediate lo were no greater 
than those produced by noise stimulation in 
the same animals, recovery was much slower 
and small lo at the frequencies maximally 
affected were still present when the animals 
were again exposed to the gun blasts. For cat 
1 this was 6 days after first exposure; for cat 
2, 16 days; and for cat 3, 27 days. In these 
three animals the initial, fairly widespread 
effect produced in the inner ear by the gun 
blasts was almost but not entirely reversible. 


Permanent Deafness 


Irreversible losses in hearing were produced 
in seven cats by exposure to the blasts of the 
.32-caliber starting pistol. In most cases im- 
mediate postexposure loss was greatest for 
irequencies in the 2000 to 4000 c.p.s. range. 
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However, one animal, cat 10, had greatest 
impairment of hearing for the frequencies be- 
low 2000 c.p.s., which suggests damage to the 
middle ear conduction mechanism, and cat 7 
had almost complete loss of hearing for all 
frequencies. 

For all animals except cat 3, partial recovery 
of function occurred during the weeks following 
exposure. Thresholds usually reached a stable 
level by the end of four weeks. Cat 3, which 
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was subjected to repeated exposures before 
a permanent loss was produced, had almost 
complete loss of hearing when first tested 2 
days after the final exposure. When tested 
again, 8 d after exposure, it responded to 
all frequencies, but only at high intensity 
levels. This partial recov A s temporary: 
by 18 days after exposure the loss was greater 
again throughout the frequency range. During 
the period from 18 to 74 days the audiogram 
remained at a nearly constant level. No re- 
sponses could be obtained for frequencies of 
2000 c.p.s. and above at the highest intensities 
which could be produced (see Fig. 3). 


IH istology 


Hair cells, ganglion cells, and the nerve 
fibers from spiral ganglion to hair cells ap- 
peared normal in all parts of the cochleas of 
cats 1, 2, 6, 9, and 10. The external sulcus 
cells were torn or disrupted in the upper basal 
and lower middle turns of the cochleas of cats 
2 and 10 (Fig. 4); the cells of Claudius and 
Boettcher were also damaged but over a much 
narrower range. "This damage to the external 
supporting cells may be simply an artifact 


Vic. 4. Damage to extern: 
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4 ——- BASAL. COIL — — —À ,——— MIDDLE —4, - APICALA 
ORGAN OF CORTI 


GANGLION CELLS 


NERVE FIBERS 


! I 1 [| I I [ 1 [ I [ I i iJ 1 [ l 1 1 1 
1234 567 8 9 IO II I2 I3 I4 15 16 I7 I8 I9 20 
of cat 3 after blast 
cale at the bottom of 


Fic. 5. Plots of hair-cell, ganglion-cell, and nerve-fiber degeneration found in the coch 
stimulation. Normal structures are indicated by the filled-in black portion of the plots. The 
the figure gives the distance in millimeters from the round window. 


Nc. 6. Above: organ of Corti of normal cochlea. Below: organ of Corti of cat exposed to blast stimulation show- 


ir 
ng distorted appearance “t hair cells which may be indicative of slight permanent damage 
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Fic. 7. Severe damage to organ of Corti of cat exposed to blast stimul 


of the histological procedure; such changes do 
sometimes appear in normal cochleas as a re- 
sult of overperfusion with physiological saline. 
The limitation of the area of cell disruption to 
a particular region of the cochlea suggests, 
however, that the damage was produced by 
the blast stimulation. 

The sections of the cochlea of cat 7, which 
suffered a severe hearing loss for frequencies 
above 2000 c.p.s., were torn in cutting so that 
it was impossible to make accurate estimates 
of the damage to the organ of Corti. The outer 
hair cells and supporting cells appeared to 
have been damaged in the middle and upper 
parts of the basal turn. 

The most severe damage was found in the 
cochlea of cat 3, which also suffered the greatest 
loss of hearing. Plots of hair-cell destruction 
and nerve degeneration for the inner ear of 
this animal are shown in Figure 5. Outer hair 
cells were absent throughout the cochlea ex- 
cept for a region about 1 mm. in length near 
the apex; in this region (19 to 20 mm. on plot, 
Fig. 5), the outer hair cells could be seen, but 
they were distorted and did not appear as well 
defined as in the typical normal ear (see Fig. 6). 


ation 


In the upper basal and lower middle turns 
of the cochlea of cat 3, i.e., in a region extend- 
ing from about 8 mm. to 15 mm. from the 
basal end of the cochlea, the organ of Cort! 
was completely demolished and appeared òy 
a flattened lump of debris on the basilar men? 
brane (see Fig. 7). €— 

It may also be noted from the plots of pigu 
5 that there was considerable degeneratio! 
of neural elements in the cochlea of cat e 
Ganglion cells and the peripheral nerve ane 
to the hair cells were estimated as presen! be 
normal amount only in the first 5 mm. of "a 
basal turn and in the apical region where E 
questionable outer hair cells were found. 
the part of the cochlea where destruction 2 
the organ of Corti was most severe, there Ww? 


: in 
almost complete absence of ganglion cells 
some sections, 


SUMMARY AND DISCUSSION 


In the cat as in man, after exposure to ad 
band noise at high intensity or to aan e 
sounds such as produced by small arms d 
the frequency range for which hearing los ja 
occur is centered around 4000 c.p.s. an 
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tends one or two octaves above and below this 
frequency depending upon the degree of ex- 
posure. When the hearing loss is permanent 
and severe, degeneration of sensory cells in 
the upper basal and lower middle turns of the 
cochlea may be found upon post-mortem 
histological examination. When hearing losses 
are less severe (30 to 40 db or less), clear 
damage to sensory elements in the cochlea 
cannot always be detected. Some disruption 
of supporting cells of the organ of Corti may 
occur and the hair cells may appear slightly 
distorted and less well defined than in the 
normal ear. 

In a study of the ears of guinea pigs sub- 
jected to acoustic trauma, Lurie e al. pointed 
out that “the minimum lesion that can be 
demonstrated, though subject to individual 
interpretation, is shown by changes occurring 
in the protoplasm of the external hair cells” 
(4, p. 377). He added that the changes are so 
indefinite that it is difficult to use them as the 
basis for plotting extent of damage in a cochlea. 
More sensitive indicators of histological 
changes are needed in order that inner ear 
dysfunction produced by trauma may be 
evaluated more accurately. 

Complete recovery of hearing may occur in 
the cat after losses as great as 80 db; the time 
tequired for recovery is usually 48 hr. or less. 
Similar results have been reported for man by 
Davis et al. (1). 

In the present study, individual differences 
were not systemically studied, but the evidence 
obtained suggests that there is considerable 
variability among animals in susceptibility to 
and recovery from temporary and permanent 
hearing losses which may be produced by 
intense acoustic stimuli. 

From a practical standpoint, a most im- 
Portant problem is to determine the effects 
of repeated exposures to sounds. which do not 
Produce permanent damage to the ear at a 
Single exposure. The fact that we have in the 
Clinical literature such terms as *boiler-maker's 
deafness” and “aviator’s notch” is in itself 
evidence that permanent hearing losses are 
Common in occupations where repeated ex- 
Posure to high noise levels occurs. But we do 
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not know whether the losses are the result of 
repeated exposure to sounds at a “‘sub-damag- 
ing” level or of occasional exposure to peaks 
of sound at intensities above the ordinary 
level. Nor do we know how important the 
factor of recovery between repeated exposures 
is. Our experiments with cats do not provide 
direct evidence bearing upon these problems, 
but they suggest that similar intracochlear 
changes underlie both reversible and irre- 
versible hearing losses. 
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PERFORMANCE DURING STIMULATION OF THE 
DIENCEPHALIC ACTIVATING SYSTEM! 


W. DEAN CHILES? 
Departments of Anatomy and Psychiatry, State University of Iowa 


Recent work on the brain-stem reticular 
formation and other subcortical structures 
(Lindsley et al. [13, 14]; Ingram et al. [8, 9]; 
Jasper [10]) continues the work initiated by 
Bremer (2), whose investigations represent the 
first attempt to delineate the roles of these 
structures with respect to electrocortical and 
behavioral variables. Lindsley and Magoun 
have named certain of these structures, in- 
cluding the reticular formation of the mesen- 
cephalon, the posterior hypothalamus, and 
the mesial and intralaminar nuclei of the 
thalamus, the subcortical “activating system.” 
The results of a number of current investiga- 
tions (8, 9, 13, 14) are in agreement that ex- 
tensive lesions in this system lead to EEG 
characteristics resembling those of sleep, ac- 
companied by a striking paucity of behavior. 
On the other hand, stimulation in the activat- 
ing system with an optimal frequency of 
around 300 pulses per second (16) elicits an 
alert EEG. In the intact animal stimulated 
via chronically implanted electrodes, an alert 
behavioral attitude, which may be described 
as apprehension, is often assumed. Ingram 
and Knott (unpublished report) have seen 
this alerting in waking animals during thala- 
mic stimulation. The importance of the 
indicated correlation between the activity 
level of these diencephalic areas and gross 
behavior measures suggests that further 
definitive investigations would be advisable. 
The present investigation concerns itself with 
the effects of stimulation of certain nuclei in- 
volved in the subcortical activating system 


1 This is the substance of a dissertation submitted 
to the Psychology Department, Graduate College, 
State University of Iowa, in partial fulfillment of the 
requirements for the Doctor of Philosophy degree. The 
author is deeply indebted to Dr. W. R. Ingram for his 
services in performing the operations and in the his- 
tological evaluation of the material, and to Dr. J. R. 
Knott for his suggestions, help, and encouragement 
during the course of the experiment and the writing of 
this paper. 

2Now at Aeromedical Laboratory, Wright Air 
Development Center, Dayton, Ohio. 


upon a quantitative measure of performance 
or behavior level. 


METHOD 


The six sexually mature cats used were chosen from 
stock on the basis of their friendliness and their amen- 
ability to the learning situation. f 

A modifed Skinner box was employed which was 
sound shielded and contained a one-way vision gust 
permitting continual observation of the interior. Upo! 
pressing a bar, the animal obtained a patty of pena 
meat weighing about 2 gm. A total of 24 fipo 
session provided the animal with 45 gm. of meat, W! 
constituted one-half the daily meat ration. Ea E: 
response actuated a recording system indicating ines 
response time. The diet regimen consisted of 45 CC 
of milk and 45 gm. of meat every 12 hr. ccena 

When the animal was placed in the experimenta 
chamber for the first time, E operated the delivery 
mechanism and used such luring techniques a5 neede 
to elicit the initial bar pressing. After the anim: 
began to make spontaneous responses, it was traine t 
until a plateau was reached and no further significans 
increase in rate of responding or decrease in averag' 
interresponse time was observed. 

After the animal reached the plateau in performance 
stimulating electrodes were implanted in the desire 
nucleus. With the animal under Nembutal anesthes ^ 
insulated nichrome steel wires were inserted under 
aseptic conditions with the Horsley-Clarke stereotax! 
instrument. The atlases of Ajmon-Marsan and jens 
and of Jimenez-Castellanos (11) were of aid in rs 
preliminary localization of all placements. The stimula 
ing electrodes, after insertion, were securely cemente 
within a plastic plug which had been screwed throug: j 
the skull; knobs of solder were then fixed to the les 
trodes, and imbedded in the plug. Wires leading from 
Grass 3 C stimulator could then be secured to thes? 
All subsequent sessions were conducted with the simi 
lating wires attached. The animals did not seem mis 
of the presence of the plug and soon adapted to 
wires, which were suspended from above the animal. a 

The postoperative course of each animal was on 
erally uneventful, except that in two instances penicil 
was given to forestall the effects of upper respiratory 
infection. When the animals had recovered sufficien a 
to eat all the daily ration immediately on presentation 
they were again placed in the bar-pressing situatio 2 
Critical testing was carried out when preoperative D^ 
formance had been approximated. It is to be noted iv 
up to 20 days were required for recovery of preoperat! 
performance. Tests were carried out after 6 hr. of fo 


" a 
.." Ajmon-Marson, C., & Jasper, H. H. Stereoto™ 


atlas of the cat diencephalon. Privately circulat 
manuscript. 
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deprivation; this length of deprivation was used in order 
to allow for the exhibition of either an increase or a 
decrease in rate of response with “activating system” 
stimulation. 

The stimulator was set to deliver a series of biphasic 
pulses, each with a duration of 1 msec. The leads from 
the stimulator to the animal were secured to the 
previously described solder knobs using an instrument- 
type soldering iron. The frequency of the pulses in all 
experiments here reported was 300 biphasic pulses 
per sec. Other frequencies, higher and lower, were 
tried, but any wide deviation from 300 per sec. did not 
produce the results to be described. The actual voltage 
used varied from animal to animal, and in some ani- 
mals, from day to day. The voltage chosen was that 
just below the level needed to evoke some overt re- 
sponse, usually a searching attitude or in some cases 
pupillary dilatation or slight skeletal muscle response. 
(The voltages given in Table 1 were determined from 
calibration with an oscilloscope; the “dial voltages” 
of the stimulator were slightly higher.) 

On alternate days the animal received the stimula- 
tion pulses throughout the time it was in the response 
situation. On the other days no stimulus was applied, 
although the wires were routinely attached. 

‘At the conclusion of the training series, the animals 
were sacrificed, the brains removed, fixed, and frozen 
sections made. Exact histological verification of each 
placement was available, and the presumed location, 
based on the Horsley-Clarke coordinates, verified. 
No damage was observed in any of the brains other 
than that damage attendant upon the introduction of 
the needle electrode itself. 


RESULTS 


The basic data are summarized in Table 1. 
It will be seen that the rate of responding was 
slowed on those days when the stimulation 
was introduced. In addition, with the excep- 
tion of one animal (StL4) on one comparison 
(first), the variances were greater under stim- 
ulation, This occurred with each of the three 
placements: the nucleus ventromedialis; cen- 
trum medianum of the thalamus; and the 
Posterior hypothalamus. 

The means (paired days) were compared 
with the / test for related measures, which 
requires no assumption about the variance or 
distribution of the two arrays, and in all but 
one animal (p = .02) the differences were 
Significant at better than the 1 pet cent level 
of confidence. These differences were uni- 
formly in the direction of a decrease in the 
rate of bar pressing as a result of the introduc- 
tion of the 300-per-sec. biphasic pulse stimulus 
into the diffuse projection system or the brain 
stem reticular system of the respective ani- 
mals. With the stimulus parameters used, 


TABLE 1 


Location of Electrode, Stimulus Voltage, and Mean 
Time (in seconds) between Responses for 
Stimulation and Nonstimulation Days 
(N = 24 for each mean) 


3 Stimulation | Nonstimu- 
Auma | gimus | vores |__| 
xe a: os] We 
StL3 Posterior 3.0 |12.13/15.22]9.23 10.55 
hypothal- | 3.0 11.66| 9.33/9.30| 7.33 
amus 3.0 |10.95/11.33/8.65| 5.78 
2.7 | 9.58| 7.89 
2.7 | 9.68| 7.58 
StL4 Nucleus ven-| 3.0 | 7.81| 2.83/6.70| 5.68 
tromedialis| 3.0 | 6.71| 8.286.06| 2.17 
thalamus | 3.5 | 5.75/10.58/4.83| 1.89 
3.5 | 5.61| 2.5514.90| 1.58 
4.0 | 9.40/19.55/6.56| 1.67 
4.0 | 7.00/19.02/5.31| 7.30 
4.0 | 7.40115.414.63| 0.58 
4.0 | 9.56/72.204.28 1.28 
StL6 Nucleus ven-| 8.0 | 8.13 5.78|7.58| 1.89 
tromedialis| 9.25 | 7.60| 5.44/6.69 3.03 
thalamus | 9.25 | 7.80) 2.75|7.08 2.00 
StL7 Nucleus ven-| 5.5 | 8.30 10.44/7.63| 2.72 
iromedialis, 5.5 | 7.05| 3.39/6.31 1.61 
thalamus | 5.5 | 6.43 3.44|5.01| 1.58 
5.5 | 5.69/11.8044.78 0.50 
StL8 Nucleus ven-| 4.0 | 9.38/10.25 7.90| 3.78 
tromedialis| 4.0 | 7.70 5.17/6.75| 2.50 
thalamus | 4.0 8.01110.16/6.73| 2.75 
3.5 | 7.76, 7.696.51| 4.50 
StL9 Centrum 4.5 | 6.15] 4.64/4.78 1.25 
medianum| 4.5 | 7.33) 5.17/5.93| 2.11 
4.5 | 7.05| 3.94/6.03| 2.89 
pee a Se ee 


stimulation did not produce the total blocking 
response observed by Hunter and Jasper (7). 


DISCUSSION 


Material such as that presented in the in- 
troduction of this paper has led Lindsley (12) 
to suggest that the emotional level of the 
organism is closely related to, if not dependent 
upon, the level of activity of the midbrain 
activating system. Within this context, then, 
it might be said that the results of the present 
experiment are more in line with the thinking 
of those who take the position that increased 
motivation or emotion produces more variable 
but not a higher level of performance, as op- 


414 


posed to the position that increased motiva- 
tion increases reaction potential. The increased 
variability noted under the stimulation con- 
dition also tends to support the former position. 
However, the framework of the present ex- 
periment does not provide a clear-cut decision 
as to the behavioral nature of diencephalic 
stimulation. If one were to take seriously the 
notion that the animals exhibit an “apprehen- 
sive attitude” under stimulation and, therefore, 
assume that the stimulation has effects anal- 
ogous to those of anxiety, the experimental 
results resemble the slower rate of bar pressing 
which Estes and Skinner (4) found in rats 
under shock-induced anxiety. Considering, in 
addition, the observable unconditioned re- 
sponses to diencephalic stimulation, the 
present results can thus be explained (follow- 
ing Estes and Skinner) in terms of the intro- 
duction of irrelevant responses. The irrelevant 
response notion is also indicated by the 
increased variability. The employment of the 
startle response (3) would provide a test of 
this explanation. 

The results could be considered independ- 
ently of the suggested motivational properties 
of the stimulation. Namely, it could be argued 
that the introduction of stimulation resulted 
in an alteration of the learning situation 
(prestimulation) stimulus complex. This argu- 
ment would imply that there were sensory 
“consequences” of the stimulation, which 
implication is contrary to the findings of 
White (19), who states that there were no 
reports in the usual sense of sensations by 
humans during stimulation of the hypothala- 
mus under local anesthesia. If there were sen- 
sory consequences of diencephalic stimulation 
in the regions studied here, such stimulation 
could be used as the conditioned stimulus in a 
classical conditioning situation, thus providing 
a test of this notion. 

Schreiner eż al. (17), since the completion 
of this study, have published the results of a 
study which indicate that complete bilateral 
destruction of the nucleus dorsalis medialis 
thalami in the cat leads to an inability to 
learn in a problem box. This result further 
points out the significance of the diencephalic 
region to behavior. 


W. DEAN CHILES 


SUMMARY 


1. Six animals were trained on a bar-press- 
ing response with food reward to a criterion of 
no further improvement in performance. 

2. Electrodes were implanted stereotaxically 
by the Horsley-Clarke method; the electrodes 
were in the posterior hypothalamus in one 
animal, the ventromedial thalamic nucleus in 
four animals, and the centrum medianum of 
the thalamus in one animal. 

3. The animals were tested with respect to 
rate of responding under stimulation and non- 
stimulation conditions. The animals responded 
more slowly and with greater variability 
under stimulation. 

4. It is concluded that stimulation of the 
diencephalon serves as a distracting influence 
on rate of responding under the conditions of 
the present study. It is suggested that the 
production of minimally observable extraneous 
responses is most acceptable as a possible 
explanation of the obtained results. , 

5. Further ways of experimentally attacking 
the problem are suggested. 
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SOME POSITIVE RESULTS ON A MODIFIED TOLMAN AND 
HONZIK INSIGHT MAZE 


WILLARD E. CALDWELL AND HELEN B. JONES 


The George Washington University 


The problem of investigating insight in 
animals suggested the present study patterned 
on an experiment performed by Tolman and 
Honzik (7). The experiment was designed to 
show whether or not rats were capable of 
grasping “a material, inner relation of two 
things to each other”; specifically, it was to 
discover whether a rat can get the “insight” 
that two paths have a common section. 

In general, the evidence for insight in rats 
is negative, and Evans (1) and Keller and 
Lyndon (4) question the use of the term in the 
Tolman-Honzik type of experiment. Kuo (5), 
who used a different type of design from that 
employed by Tolman and Honzik, also opposes 
the use of the concept. 

Tolman and Honzik actually did three ex- 
periments. Owing to negative results on the 
first maze, they decided to try a maze in 
which the choice between paths 2 and 3 
would require larger movement, that is, a 
turning through 90° to right or left. Because 
the results were still negative after this second 
experiment, they decided to try a third, ele- 
vated-type maze. The results of the third 
experiment are considered significant by them. 

In the present study, the second experiment 
will be investigated further rather than the 
third because in the third experiment the ani- 
mal might see the whole experiment, thus 
placing the results within the area of percep- 
tion rather than insight (2, 6). 

In Tolman and Honzik’s second experiment, 
a closed maze made up of three pathways lead- 
ing to a goal is used. The first path is straight 
and leads directly to the goal; the second path 
is more roundabout—toward the end it joins 
path 1; the third is much longer than the 
other two pathways, and separate. When path 
1 is blocked at the entrance, path 2 will allow 
the rat to reach the goal, but if path 1 is 
blocked toward the end of the pathway, where 
path 2 has already merged with it, only path 
3 is left free. In the preliminary training, the 
“forced” runs were blocked at the entrance to 
path 1, permitting a choice of path 2 or 3. In 


_ ered with sandpaper inserted at the junction of pa 


Procedure 


the "insight" runs, however, path 1 was 
blocked toward the end of the path after path 
2 had joined it, thus leaving only path 3 free 
to the goal. The independent variable is the 
blocking of paths 1 and 2 on the insight runs, 
and the dependent variable is the reaction of 
the rats to this change in blocking. 

The present problem is to investigate the 
introduction of an elevated cue, a curved piece 
of hardware cloth covered with sandpaper 
placed at the junction of paths 1 and 2 of the 
maze, to see if this would aid the animals 1D 
grasping the relationship that path 2: 1 
blocked when path 1 is blocked, and result JP 
their choosing path 3. 


METHOD 
Subjects 


This experiment was performed on two groups of 
rats, with 10 rats in group I and 11 in group II. phar 
month-old albino males, from Carworth Farms, Ne 
City, New York, were used. 


Apparatus 


The apparatus (see Fig. 1) was similar to Tolman 
and Honzik’s maze in their second experiment, T A 
the addition of an elevated cue at the junction of Pe 
1 and 2. The maze was constructed of pine and PIY Tihe 
and painted black. The alleys were 4 in. wide, and oV- 
walls were 6 in. high. The tops of the alleys were oe 
ered with l4-in. mesh hardware cloth. Gates from 
pivoted at the bottom and slanted upward away i i 
the rat. The upper edges of the gates were held bY "ye 
ber bands against the covers of the alleys, 4 ate 
tension was such that the rat by stepping on i the 
would, by the force of its weight, be able to PUS? he 
gate down and pass over it. Once S was throug” , 
gate would swing up behind it and prevent retr? ding 
The entrance’ to each path could be closed by & sli 
door made of beaver board. 


The cue was a curved piece of hardware cloth ot 
t 

and 2 to:caüse an elevation and a different textu? E 
that point. It was as wide as the pathway, and cu and 

in such a way that the rat had to run up one side fact 

down the other side of the cue to the normal su” 

of the pathway. 


ns? 
Preliminary training. The rats were given te? Piret 
day for 13 days. For the first two days, the firs 

e 
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food box 


swinging door 


raised sandpoper-covered cue 


Fic. 1. Floor plan of Tolman and Honzik’s second maze, plus additions 


TABLE 1 
Choice of Paths on Insight Runs—Group I 
Rat 1 2 3 4 5 6 1 8 9 10 
Paths alallala | Beal E TRE ER S > les | & fs! | E EE S ESTAS 
ERES hy By) we Em. = tg E Ep 
Runs 
1 x x x x x x ex x x 
MES x|x x x x |x x x |x x 
3 x x x x x x x x |x x 
4 x x x|x x x | x x x | x 
3 x x x x x | x x x x x 
s TABLE 2 
Choice of Paths on Insight Runs—Group IT 
1 2 3 4 5 6 7 8 9 10 11 
2 3 2 3 2 3 2 3 E! 3 2 3 2 3 2 3 2 3 = 3 2 3 
x x x x x x x x x x x 
x x x x x |X x x x x x 
x x x x x xix x x X x 
x x x|x x x x x X x x 
x x |x x |x x x x x S| x 
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of the ten runs were forced; that is, by blocking suc- 
cessive pairs of the three paths, the rat was forced 
down each of the three paths once. The remaining 
seven runs were free. After two days, this type of 
forcing was discontinued. In the remaining training 
period, the method was to block path 1 at the entrance 
one to five times daily for a total of 32 runs, leaving 
the rats a choice of path 2 or 3. 

Test period. Five insight runs were given on the day 
after the last of the training runs. The swinging door 
at the end of path 1 was blocked, and the two gates in 
path 1 were let down, permitting the animal’s return. 
The second gate of path 2, the place where it joins 
path 1, was not let down; this prevented the rat’s 
return by path 2, and S had to return to the starting 
point, and then take path 2 or 3, 


RESULTS AND DISCUSSION 


The results of the insight runs for both 
groups are shown in Tables 1 and 2. These 
results are amazingly similar. In each group, 
all but one of the rats picked path 3 on the 
first insight run. Over 50 per cent of the rats 
in each group picked path 3 the second time. 
Two from each group picked path 3 on all 
five insight runs. 

On the forced runs on which path 1 was 
blocked at the entrance, the average prefer- 
ence for path 2 in comparison with path 3 was 
90.8 per cent for group I and 90.4 per cent 
for group II. Three rats chose path 2 all the 
time. An interesting fact is that of these 
three only one picked path 2 on the first in- 
sight run. 

It is significant that four rats chose path 3 
every time on the insight runs, especially as 
their average preference for path 2 on the 
blocked runs was over 90 per cent. A com- 
parison between the performance on the 
first trial in the training series for which gate 
1 was blocked at the entrance and the per- 
formance on the first insight trial showed 
that on the former no animal in group I chose 
path 3 and 18 per cent in group II chose path 
3, whereas on the latter 90 per cent of group I 
chose path 3 and 91 per cent of group II 
chose path 3. 

If insight is defined as one-trial learning 
which is subsequently maintained, then this 
definition is not applicable here, as the data 
indicate a sharp loss in performance an trial 2 
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and subsequent trials. This necessitates a re- 
definition of insight. These data also suggest 
that the performance might be explained in 
terms of other concepts such as Hull's (3) 
reactive inhibition. 


SUMMARY AND CONCLUSIONS 


The purpose of this experiment, based on 
Tolman and Honzik's “insight in rats" ex- 
periment, was to see if introducing an elevated 
cue at the intersection of paths 1 and 2 would 
aid the rats in grasping the fact that paths 1 
and 2 had a common section leading to the 
goal. 

The following conclusions may be draw? 
from this experiment: 

1. On the first insight run 19 of the 21 rats 
chose path 3, although over 90 per cent hat 
chosen path 2 on the forced runs. A 

2. Four rats chose path 3 on all five 10 
sight runs. : 

3. The results suggest that the introductio? 
of a cue into Tolman and Honzik's maze may 
have aided the animals in grasping that paths 
1 and 2 have a common section leading t° 
the goal. 

4. This experiment supports Tolman’s COP” 
ception of insight or inference as he used 1 
term in his experiment, ie., as perceptu? 
organization that occurs when the total situa- 
tion is not present. 
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POSITIVE REINFORCEMENT PRODUCED BY ELECTRICAL STIMULATION OF 


SEPTAL AREA AND OTHE 


R REGIONS OF RAT BRAIN! 


JAMES OLDS? anp PETER MILNER 


McGill 


Stimuli have eliciting and reinforcing func- 
lions. In studying the former, one concentrates 
on the responses which come after the stimu- 
lus. In studying the latter, one looks mainly 
at the responses which precede it. In its 
reinforcing capacity, a stimulus increases, 
decreases, or leaves unchanged the frequency 
of preceding responses, and accordingly it is 
called a reward, a punishment, or a neutral 
stimulus (cf. 16). 

Previous studies using chronic implantation 
of electrodes have tended to focus on the 
eliciting functions of electrical stimuli de- 
livered to the brain (2, 3, 4, 5, 7, 10, 12, 14). 
The present study, on the other hand, has 
been concerned. with the reinforcing function 
of the electrical stimulation? 


METHOD 


General 


Stimulation was carried out by means of chronically 
implanted. electrodes which did not interfere with the 
health or free behavior of Ss to any appreciable extent. 
The Ss were 15 male hooded rats, weighing approxi- 
mately 250 gm. at the start of the experiment. Each 
S was tested in a Skinner box which delivered alternat- 
ing current to the brain so long as a lever was depressed. 
The current was delivered over a loose lead, suspended 
from the ceiling, which connected the stimulator to the 
rats electrode. The Ss were given a total of 6 to 12 hr. 
of acquisition testing, and 1 to 2 hr. of extinction test- 
tion, the stimulator was turned on 


Ing. During acquisi 
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so that a response produced electrical stimulation: 
during extinction, the stimulator was turned off so 
that a response produced no electrical stimulation. 
Each S was given a percentage score denoting the 
proportion, of his total acquisition time given to re- 
sponding. This score could be compared with the 
animal's extinction score to determine whether the 
stimulation had a positive, negative, or neutral rein- 
forcing effect. After testing, the animal was sacrificed. 
Its brain was frozen, sectioned, stained, and examined 
microscopically to determine which structure of the 
brain had been stimulated. This permitted correlation 
of acquisition scores with anatomical structures. 


Electrode Implantation 


Electrodes are constructed by cementing a pair of 
enameled silver wires of 0.010-in. diameter into a Lucite 
block, as shown in Figure 1. The parts of the wires 
which penetrate the brain are cemented together to 
form a needle, and this is cut to the correct length 
to reach the desired structure in the brain. This length 
is determined from Krieg's rat brain a (11) with 
slight modifications as found necessary by experience. 
The exposed cr ction of the wire is the only part 
of the needle not insulated from the brain by enamel; 
stimulation therefore occurs only at the tip. Contact 
with the lead from the stimulator is made through 
two blobs of solder on the upper ends of the electrode 
wires; these blobs make contact with the jaws of an 
alligator clip which has been modified to insulate the 
two jaws from one another. A light, flexible hearing-aid 
lead connects the clip to the voltage source. 

The operation of implantation is performed with the 
rat under Nembutal anesthesia (0.88 cc/Kg) and held 
in a Johnson-Krieg stereotaxic instrument (411). A 
mid-line incision is made in the scalp and the skin 
held out of the way by muscle retractors. A small hole 
is drilled in the skull with a dental burr at the point 
indicated by the stereotaxic instrument for the struc- 
ture it is desired to stimulate. The electrode, which is 
clamped into the needle carrier of the instrument, is 
lowered until the flange of the Lucite block rests firmly 
on the skull. Four screw holes are then drilled in the 
skull through four fixing holes in the flange, and the 
electrode, still clamped firmly in the instrument, is 
fastened to the skull with jeweler’s screws which exceed 
the diameter of the screw holes in the skull by 0.006 in. 
The electrode is then released from the clamp and the 
scalp wound closed with silk sutures. The skin is pulled 
tightly, around the base of the Lucite block and kept 
well away from the contact plates. A recovery period 
of three days is allowed after the operation before 
testing. Figure 2 is an X-ray picture of an electrode 


in place. 
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Fic. 1. Electrode design (see text for 


description) 


detailed 


Testing 

The testing apparatus consisted of a large-levered 
Skinner box 11 in. long, 5 in. wide, and 12 in. high. The 
top was open to allow passage for the stimulating lead. 
The lever actuated a microswitch in the stimulating 
circuit so that when it was depressed, the rat received 
electrical stimulation. The current was obtained from 
the 60-cycle power line, through a step-down trans- 
former, and was adjustable between 0 and 10 v. r.m.s. 
by means of a variable potentiometer. In the experi- 
ments described here the stimulation continued as long 


Fic. 2. X ray showing electrode in place in intact animal. There are two wires insul 


from each other, stimulating the brain with their tips. 


JAMES OLDS AND PETER MILNER 


as the lever was pressed, though for some tests a time- 
delay switch was incorporated which cut the current 
off after a predetermined interval if the rat continued 
to hold the lever down. Responses were recorded auto- 


matically on paper strip. 


On the fourth day after the operation rats were 


ession of about an hour in the boxes. E \ 
rat was placed in the box and on the lever by Æ with 
the stimulus set at 0.5 v. During the hour, stimulation 
voltage was varied to determine the threshold of a 
“just noticeable" effect on the rat's behavior. H the 
animal did not respond regularly from the start, it was 
placed on the lever periodically (at about S-min, m- 
tervals). Data collected on the first day were not used 
in later calculations. On subsequent ys, Ss were 
placed in the box for about 3! 9 hr, a day; these were 

ctinction. During the 
Ives 


a pretesting 


3 hr. of acquisition and 'y hr. of c 


former, the rats were allowed to stimulate thems 
with a voltage which was just high enough to produc 
rimal, As this 
ge of time, 
“half hour, 


some noticeable response in the resting : 
threshold voltage fluctuated with the pi 
E would make a determination of it every ; i 
unless 5 was responding regularly. At the beginning p 
ch acquisition period, and after each voltage test, the 
al was placed on the lever once by Æ. During €x 
tinction periods, conditions were precisely the same 
except that a bar press produced no electrical stimula- 
tion. At the beginning of each extinction period, animals 
which were not g regularly were placed on 
the lever once by Æ. At first, rats were tested in this 
way for four days, but as there appeared to be little 
difference between the results on different days, this 
period was reduced to three and then to two days IOF 


respone 


ated completely 
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subsequent animals. Thus, the first rats had about 12 
hr. of acquisition after pretesting whereas later rats had 
about 6 hr. However, in computing the scores in our 
table, we have used only the first 6 hr. of acquisition 
for all animals, so the scores are strictly comparable. 
In behavioral curves, we have shown the full 12 hr. of 
acquisition on the lier animals so as to illustrate the 
stability of the behavior over time. 

At no time during the experiment were the rats 
deprived of food or water, and no reinforcement wa 
used except the electrical stimulus. 

Animals were scored on the percentage of time 
which they spent bar pressing regularly during acqu 
tion, In order to find how much time the animal would 
spend in the absence of reward or punishment, a similar 
score was computed for periods of extinction. Th 
extinction score provided a base line. Whe acquis 
tion score is above the extinction score, we have reward; 
when it is below the extinetion score, we have punish- 
ment. 

In order to determine percentage score periods 
when the animal was responding regularly tat least one 
response every 30 sec.) were counted as periods of 
responding; i.e., intervals of 30 sec. or longer without a 
response were counted as periods of no responding. The 
percentage scores were computed as the proportion of 
total acquisition or extinction time given to periods of 
responding. 


Determination of Locus 

On completion of testing, animals were perfused 
with physiological saline. followed by 10 per cent 
formalin. The brains were removed, and after further 
fixation in formalin for about a week, frozen sections 
40 microns thick were cut through the region of the 
electrode track. These were stained with cresyl violet 
and the position of the electrode tip determined. Figure 
3 is a photomicrograph showing the appearance of the 
electrode track in a stained and mounted brain section. 


RESULTS 
Locus 
In Table 1, acquisition and extinction scores 


are correlated with electrode placements. 


the electrode 
tion. The s 


Fic; 3, 


track ; ) > ing | 
ack in a cresyl-violet stained brain sector 
jor commissure. 


Photomicrograph showing 


tion is aa k 
el nds | mm, in front of the anteri 
Sectrode protruded through the late 


Ms sti H E A d 
$ stimulating tip was in the septal aree 
^ 


ral ventricle aud 


TABLE 1 
Acquisition and Extinction. Scores for All Animals 
‘Together with Electrode Placements and Threshold 
Voltages Used during Acquisition Tests 


e of Percentage of 
Extinction 

pent ‘ime Spent 
Responding | Responding 


Stimulation 
Voltage 


cus of 
Electrode 


r.m.s. 


32 septal 8 T3 18 
3 septal 92 6 
M-1 septal 8 85 21 
M-4 septal SS 88 13 
40 ce. e 6 3 
H caudate » 4 4 
à cingulate 37 9 
82 cingulate 8 36 10 
36 hip. Y 11 14 
3 m.l. 0 4 
AS mt. 71 9 
6 m.g. 0 M 
M m.g. 0 21 
1 teg. rif 2 1 
9 teg. x» 77 S 


corpus callosum; hipa hippocampus; m.l., medial 
Mammillothalamie tract; pi, medial genicu- 


Figure 4 presents the acquisition scores again, 
this time on three cross-sectional maps of the 
rat brain, one at the forebrain level, one at 
the thalamic level, and one at the mid-brain 
level. The position of a score on the map 
indicates the electrode placement from which 
this acquisition score was obtained. 

The highest scores are found together in 
the central portion of the forebrain. Beneath 
the corpus callosum and between the two 
lateral ventricles in section I of Figure 4, 
we find four acquisition scores ranging from 
75 to 92 per cent. This is the septal area. 
The Ss which produced these scores are num- 
bered 32, 34, M-1, and M-4 in Table 1. It 
will be noticed that while all of them spent 
more than 75 per cent of their acquisition 
time responding, they all spent less than 22 
per cent of their extinction time responding. 
Thus the electrical stimulus in the septal area 
has an effect. which is apparently equivalent 
to that of a conventional primary reward as 
far as the maintenance of a lever-pressing 


response is concerned. 

If We move outside the septal area, either 
in the direction of the caudate nucleus (across 
the lateral ventricle) or in the direction of the 
corpus callosum, we find acquisition scores 
drop abruptly to levels of from 4 to 6 per 
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cent. These are definitely indications of neu- 
tral (neither rewarding nor punishing) effects. 

However, above the corpus callosum in the 
cingulate cortex we find an acquisition score 
of 37 per cent. As the extinction score in this 
case was 9 per cent, we may say that stimula- 
tion was rewarding. 

At the thalamic level (section II of Fig. 4) 
we find a 36 per cent acquisition score pro- 
duced by an electrode placed again in the 
cingulate cortex, an 11 per cent score pro- 
duced by an electrode placed in the hippo- 
campus, a 71 per cent score produced by an 
electrode placed exactly in the mammillo- 


[NC] 
na 


Vic. 4. Maps of three sections, (D) through the forebrain, 


brain of the rat. Boxed numbers give acquis 
ing at these points. On section I the acquisition scores 


section there is a score of 4 in the caudate nucleus, a score of 6 


of 37 in the medial (cingulate) cortex. On si 


lion percentage scores produced by animals with electrodes stimu! 
^ è 
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thalamic tract, and a zero per cent score pro- 
duced by an electrode placed in the medial 
lemniscus. The zero denotes negative rein- 
forcement. je = BÉ 

At the mid-brain level (section III of Fig. +) 
there are two zero scores produced by elec- 
trodes which are in the posterior portion of 
the medial geniculate bodies; here again, the 
Scores indicate a negative effect, as the cor- 
responding extinction scores are 31 and 21 
per cent. There is an electrode deep in the 
medial, posterior tegmentum which produces 
à 2 per cent score; this seems quite neutral, as 
the extinction score in this case is 1 per cent. 


mid- 
al 
me 


(UD through the thalamus. (H1) through the ! 


88, 92, 85 fall in the septal forebrain area. On the 52 re 
the white matter below the cortex, and a 3C? 


37 j ute) co ection IT the acquisition score of 36 is in the medial (cingulate) corte 
11 is in the hippocampus, 71 is in the mammillothalamic tract 


, and 0 is in the medial lemniscus. On section 


the two zeroes are in the medial geniculate, 2 is in the tegmental reticular substance, 77 falls 2 mm. anterior t? 


the section shown 


it is between the posterior commissure and the red nucleus. 
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Finally, there is an electrode shown on this 
section which actually stands 114 mm. anterior 
to the point where it is shown; it was between 
the red nucleus and the posterior commissure. 
It produced an acquisition score of 77 per 
cent, but an extinction score of 81 per cent. 
This must be a rewarding placement, but the 
high extinction score makes it difficult to 
interpret. 


Behavior 


We turn our attention briefly to the be- 
havioral data produced by the more rewarding 
electrode placements. 

The graph in Figure 5 is a smoothed cumu- 
lative response curve illustrating the rate of 


6% hours 


Hundreds of Bar Presses 
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responding of rat No. 32 (the lowest-scoring 
septal area rat) during acquisition and extinc- 
tion. The animal gave a total of slightly over 
3000 responses in the 12 hr. of acquisition. 
When the current was turned on, the animal 
responded at a rate of 285 responses an hour; 
when the current was turned off, the rate fell 
close to zero. 

The graph in Figure 6 gives similar data on 
rat No. 34 (the highest-scoring septal rat). The 
animal stimulated itself over 7500 times in 12 
hr. Its average response rate during acquisition 
was 742 responses an hour; during extinction, 
practically zero. 

Figure 7 presents an unsmoothed cumula- 
tive response curve for one day of responding 


Feb. 18 Feb.19 


3 hours 


2y2 hours 


» Hours 


Fic. 5. Smoothed cumulative respons 
are given along the ordinate, and hour al 
cates the response rate. S 
indicates extinction. 


timulating voltages are given 


e curve for rat No. 32. Cumulative response totals 
long the abscissa. The steepness of the slope indi- 


between black lines. Cross hatching 
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Fic. 6. Smoothed cumulative response curve for rat No. 34 
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BAR PRESSES 


HOUR 
T Fic. 7. Unsmoothed cumulative response curve 
= owing about 34 hr. of acquisition and 34 hr. extinc- 
lon for rat No. A-5. Shading indicates extinction. 


for rat No. A-5. This is to illustrate in detail 
the degree of control exercised by the electrical 
reward stimulus. While this rat was actually 
bar pressing, it did so at 1920 responses an 
hour; that is, about one response for every 2 
Sec. During the first period of the day it re- 
Sponded regularly while on acquisition, extin- 
guished very rapidly when the current was 
turned off, and reconditioned readily when the 
Current was turned on again. At reconditioning 
Points, E gave S one stimulus to show that the 
NUI was turned on again, but E did not 
p "ys S on the lever. During longer periods 
acquisition, S occasionally stopped re- 
S onding for short periods, but in the long run 
ti Spent almost three-quarters of its acquisition 
oe responding. During the long period of 
ne at the end of the day, there was very 
t € responding, but S could be brought back 
dae e lever quite quickly if a stimulus was 
i ivered to show that the current had been 
“med on again. 


DISCUSSION 


It is clear that electrical stimulation in cer- 
ain parts of the brain, particularly the septal 
ha produces acquisition and extinction 
TVes which compare favorably with those 
Produced by a conventional primary reward. 
EM Other electrode placements, the stimu- 
lon appears to be neutral or punishing. 
ucc stuse the rewarding effect has been pro: 
ide maximally by electrical stimulation in 
4 Septal area, but also in lesser degrees In 
Cort, millothalamic tract and cingulate 
X, we are led to speculate that à system 
thing dctures previously attributed to. the 
the Neephalon may provide the locus for 
Teward phenomenon. However, as locali- 
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zation studies which will map the whole brain 
with respect to the reward and punishment 
dimension are continuing, we will not discuss 
in detail the problem of locus. We will use 
the term “reinforcing structures” in further 
discussion as a general name for the septal 
area and other structures which produce the 
reward phenomenon. 

To provide an adequate canvass of the 
possible explanations for the rewarding effect 
would require considerably more argument 
than could possibly fit within the confines of 
a research paper. We have decided, therefore, 
to rule out briefly the possibility that the 
implantation produces pain which is reduced 
by electrical stimulation of reinforcing struc- 
tures, and to confine further discussion to 
suggestions of ways the phenomenon may 
provide a methodological basis for study of 
physiological mechanisms of reward. 

The possibility that the implantation pro- 
duces some painful "drive stimulus" which is 
alleviated by electrical stimulation of rein- 
forcing structures does not comport with the 
facts which we have observed. If there were 
some chronic, painful drive state, it would 
be indicated by emotional signs in the ani- 
mal's daily behavior. Our Ss, from the first 
day after the operation, are normally quiet, 
nonaggressive; they eat regularly, sleep regu- 
larly, gain weight. There is no evidence in 
their behavior to support the postulation of 
chronic pain. Septal preparations which have 
lived healthy and normal lives for months 
after the operation have given excellent re- 
sponse rates. 

As there is no evidence of a painful condi- 
tion preceding the electrical stimulation, and 
as the animals are given free access to food 
and water at all times except while actually 
in the Skinner boxes, there is no explicitly 
manipulated drive to be reduced by electrical 
stimulation. Barring the possibility that stimu- 
lation of a reinforcing structure specifically 
inhibits the “residual drive" state of the ani- 
mal, or the alternative possibility that the 
first electrical stimulus has noxious after- 
effects which are reduced by a second one, 
we have some evidence here for a primary 
rewarding effect which is not associated with 
the reduction of a primary drive state. It is 
perhaps fair in a discussion to report the 
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“clinical impression” of the Es that the 
phenomenon represents strong pursuit of a 
positive stimulus rather than escape from 
some negative condition. 

Should the latter interpretation prove cor- 
rect, we have perhaps located a system within 
the brain whose peculiar function is to pro- 
duce a rewarding effect on behavior. The 
location of such a system puts us in a position 
to collect information that may lead to a 
decision among conflicting theories of re- 
ward. By physiological studies, for example, 
we may find that the reinforcing structures 
act selectively on sensory or motor areas of 
the cortex. This would have relevance to 
current S-S versus S-R controversies (8, 9, 13, 
16). 

Similarly, extirpation studies may show 
whether reinforcing structures have primarily 
a quieting or an activating effect on behavior; 
this would be relevant to activation versus 
negative feedback theories of reward 
(6, 13, 15, 17). A recent study by Brady and 
Nauta (1) already suggests that the septal 
area is a quieting system, for its surgical re- 
moval produced an extremely active animal. 

Such examples, we believe, make it reason- 
able to hope that the methodology reported 
here should have important consequences for 
physiological studies of mechanisms of reward. 


SUMMARY 


A preliminary study was made of rewarding 
effects produced by electrical stimulation of 
certain areas of the brain. In all cases rats 
were used and stimulation was by 60-cycle 
alternating current with voltages ranging from 
16 to 5 v. Bipolar needle electrodes were per- 
manently implanted at various points in the 
brain. Animals were tested in Skinner boxes 
Where they could stimulate themselves by 
Pressing a lever. They received no other re- 
ward than the electrical stimulus in the Course 
of the experiments. The primary findings may 
be listed as follows: (a) There are numerous 
places in the lower centers of the brain where 
electrical stimulation is rewarding in the sense 
that the experimental animal will stimulate 
itself in these places frequently and regularly 
for long periods of time if permitted to do so. 
(b) It is possible to obtain these results from 
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as far back as the tegmentum, and as far 
forward as the septal area; from as far down 


as the subthalamus, and as far up as the. 


cingulate gyrus of the cortex. (c) There are 
also sites in the lower centers where the effect 
is just the opposite: animals do everything 
possible to avoid stimulation. And there are 
neutral sites: animals do nothing to obtain or 
to avoid stimulation. (d) The reward results are 
obtained more dependably with electrode 
placements in some areas than others, the 
septal area being the most dependable to date. 
(e) In septal area preparations, the control 
exercised over the animal's behavior by means 
of this reward is extreme, possibly exceeding 
that exercised by any other reward previously 
used in animal experimentation. 

The possibility that the reward results 
depended on some chronic painful conse- 
quences of the implantation operation was 
ruled out on the evidence that no physiological 
or behavioral signs of such pain could be found. 
The phenomenon was discussed as possibly 
laying a methodological foundation for 4 
physiological study of the mechanisms © 
reward. 
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FAILURE TO FIND A LEARNED DRIVE BASED ON HUNGER; EVIDENCE FOR 
LEARNING MOTIVATED BY “EXPLORATION”! 


ARLO K. MYERS AND NEAL E. MILLER 
Yale University 


This paper reports two experiments. The 
first attempts to show that hungry rats re- 
warded by food will acquire a learned drive. 
The second explains certain paradoxical re- 
sults of the first by showing that animals 
satiated on food and water will learn a new 
habit in order, apparently, to get the chance 
to explore and/or exercise. 

Miller (11, 12) has presented a paradigm 
for showing that previously neutral stimuli 
have acquired learned drive value by demon- 
strating that they will motivate the learning 
of a new habit. An experiment on fear 
(11) used relatively massed trials in an ap- 
paratus consisting of a black and a white 
compartment separated by a sliding door. 
Rats were motivated by a shock in the white 
compartment to run through the door, which 
opened in front of them, and were rewarded 
by escaping the shock as soon as they entered 
the black compartment. After they had 
learned, they were given trials without the 
primary drive of pain from electric shock. 
During these trials without primary drive, 
they learned two new habits (first to rotate a 
wheel and then to press a bar) in order to 
escape from the white compartment. Before 
any training, they had shown no definite 
preference for the black compartment; con- 
trol animals that had received similar train- 
ing with a much weaker electric shock did not 
learn (12, p. 448). Therefore, it was concluded 
(a) that the white compartment was a neutral 
cue before its association with strong shock, 
and (b) that the learned drive (presumably 
fear) could motivate the acquisition of a new 
habit in exactly the same way as could hunger 
or any other primary drive. 

In an additional experiment, Miller (10) 
compared a learned drive based on hunger 
with one based on electric shock. A new group 
of fear rats was trained in the way that has 
just been described; the other group was 
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Health, of the National Institutes of Health, Public 
Health Service. The main findings were presented at 
the April 1954 meeting of the Eastern Psychological 
Association at New York. 


trained under 22-hr. hunger (superimposed on 
a restricted diet) to run from the white com- 
partment to secure food in the black one, and 
then, after hunger had been satiated, Was 
tested for new learning—pressing a bar to 
open the door. In this experiment, which used 
relatively massed trials, the fear animals 
learned to press the bar but the hunger ones 
did not. The failure of the hunger animals to 
learn in the test trials of this experiment 
serves as an additional control for factors 
such as innate preference for the black wl 
partment or exploratory drive. But E. gea 
Anderson's (1) study of the “externalization 
of drive” suggests that a learned drive, ej 
tially based on hunger and rewarded by food, 
may be used to motivate new learning !D 
satiated animals. The fact that Anderson 
used distributed trials (one a day), might 
account for the difference between his results 
and Miller's. " 

A study by Calvin, Bicknell, and Sperling 
(5) presents a different type of evidence yh 
is interpreted as showing a learned drive base 
on hunger. The different measure used 1? 
this study is the amount of food eaten bY 
moderately hungry animals in the presence 
of a stimulus that had been associated ete 
with stronger hunger or with satiation. Th 
study also used distributed trials. 


EXPERIMENT I 

The purpose of this experiment was (a 
repeat, with trials distributed one per. na 
Miller's attempt to use hunger to establis e 
learned drive capable of motivating satiate, 
animals to learn a new habit, (b) to S& b 
Anderson's (1) general procedure would pr 
duce learned drive in Miller’s apparatus, " o 
(c) to study the effect on the acquisitioP ^, 
the learned drive of different numbers ry 
training ‘trials motivated by the prim? 
drive of hunger and rewarded by food. 


Method 


Subject.. The Ss were 36 naive rhale albino rat s 
Sprague-Dawley strain, 70 to 90 days old at ue zi 
of the experiment. They were housed in individu 
throughout the experiment. dy learned 

Apparatus. The animals were run in Miller $ "sve 
drive apparatus, the essential features of whic 
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been illustrated elsewhere (6, 11, 12). This consists of 
an enclosure 9 in. high by 6 in. wide by 48 in. long which 
is divided by a guillotine door into two compartments 
each 24 in. long. One compartment is painted Siite 
and has a grid floor, while the other is black with a solid 
floor of black metal. The front wall of both compart- 
ments is glass, allowing E to observe S. Each com- 
partment contains a small socket hole in the rear wall 
about 4 in. above the floor and 34 in. away from the 
guillotine door. A cylindrical brass rod 14 in. in diameter 
may be inserted into either socket so that it protrudes 
lin. In Experiment I the bar was present at all times 
in the white compartment only. 
th The floor of the white compartment was hinged, so 
at when Æ placed S into it, a slight movement down 
lased a contact which started a Springfield timer. 
fun it made the proper response (either touching the 
s or the bar, depending on how a switch was set), 
ir coniplsted a circuit to the grid floor so that a sub- 
st reshold current actuated a vacuum tube relay which 
Opped the timer and allowed the door to drop open. 
t ^ Separate “activity box" apparatus was used to 
kt to satiate any activity before test trials. It con- 
l ed of an open-topped rectangular enclosure 60 in. 
ps by 30 in. wide by 24 in. high. Two additional walls 
Tus ted the length and width of this enclosure, dividing 
into four identical compartments. To increase the 
9PPortunity for activity, the floor of each of these com- 
partments was divided into four spaces by three parallel 
Partitions 4 in. high. 
tá (eei To insure a high level of hunger through- 
onl, d ve-acquisition training, the animals were given 
dis -hr. access to Purina Laboratory Checkers each 
Y after water had been temporarily removed. 
the aming was begun five days before the beginning of 
leege Periment proper. Once a day, 1g hr. before the 
Ca ng time, each animal was picked up from its home 
a oe and placed in another small cage which contained 
eati all, 3-gm. pellet of wet ground Purina Chow. After 
ne the pellet, S was returned to ne em case d 
Four groups, approximately equated for mean body 
weight, were nrl assigned to four experimental 
ditions: 70 trials, 30 trials, 10 trials, and 0 trials of 
Ye-acquisition training. ‘= 
drive € 70-trial group began training in the EX 
Retin De ats immediately, while the 30- and mus 
"Thus im started 40 and 60 days later, respertiv y. 
tested l three groups finished their, training and were 
Der Hus the same time. Training trials were d aem 
days S so that drive-acquisition training required. 
experien, order that the taming, feeding, and and ng 
approxi of animals in all four groups wowe ? 
the ap; imately the same, those groups not being bigs in 
their Paratus during these 70 days were remove! aa 
another e cages, fed a 3-gm. pellet of wet mash in 
a day, T cage, and returned to the home cage once 
i drive-acquisition trials were run as follows: PA 
White rs taken from its home cage and placed in n 
great, ™partment. In order to attach the response to 
animale © Variety of. orientational cues as possible, e 
far gy Were placed on odd-numbered trials at the 
2 eed the cémpartment facing the closed door, anc 
Tent p 'Umbered trials, in the middle of the compart 
acing away from the door. When placed inside, 
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S started the timer. When S touched the door, 5 stopped 
the timer, caused the door to drop open, and could enter 
the black compartment and eat the pellet which was on 
a small metal plate in the center of the floor. The rat 
was allowed to remain in the black compartment for 1 
min. and then was gently lifted out and returned to 
the home cage. If it had not finished eating the pellet, 
S was allowed to carry it to the home cage. All animals 
learned to do this within four or five trials; before that 
E carried any uneaten portion to the rat’s cage with S. 

To facilitate learning and reduce initial fear, on the 
first trial the door was left open, and on the second trial 
the door was dropped as soon as the rat was within 8 
in. of it. 

The time for the animal to drop the door was re- 
corded to the nearest .01 sec. for each trial. To nor- 
malize the distribution, the times were converted into 
speed scores by the formula X = 100//. Since the 
animals were started from different orientations in the 
compartment on odd and even trials, scores were 
averaged over blocks of two trials. 

After the 70-day drive-acquisition training, all 
animals were placed on an ad lib. diet of water and 
Purina Laboratory Checkers for the remainder of the 
experiment. They were allowed two weeks to recover 
from any effects of deprivation or “satiation shock.” 
Then the second phase of the experiment, the test for 
learned drive, commenced. 

All traces of food were removed from the apparatus. 
To insure complete satiation during these trials, each 
animal was given a supply of wet mash for 48 min. 
before its daily run in the apparatus. To minimize any 
exercise or activity drive during the test, each animal 
was placed, before its daily trial, in the activity box, 
where it could run and climb over the low partitions 
and eat bits of wet mash which were scattered about 
the floor. : / 

Each animal went through the following routine: 
28 min. with wet mash in the home cage; 16 min. with 
wet mash in the activity box; 4 min. more with wet 
mash in the home cage; then a test trial in the ap- 
paratus. In the extremely rare event that an animal 
was still eating when it was time for E to pick $ up 
for a trial, S was given enough time to finish eating. 

During the test trials, animals were always placed 
in the far end of the apparatus facing te goo 

ntrol of dropping the door was transferred ir m 
idii the donk touching the bar, which had always 
been present. There was no food in the apparatus. In 
order to cope with unusually long trials and eventual 
extinction, animals that had not touched the bar within 
2 min. on any trial were removed to the detention cage. 
Animals that did press the bar were given a maximum 

in which to cross into the black compartment 
with all four feet so that the door could be closed by 
sliding it up. If an animal failed to enter within 1 min., 
it was removed to the detention cage. If it entered the 
black compartment, S remained there for 30 sec. and 
then was removed to the detention cage. After being 
in the üctention cage for 8 min., all animals were re- 
turned to the home cage. The detention cage was us 
E against any reward effect of an im- 


a precaution - 
iei return to the home cage after removal from 


black compartment. Á i 
o^. pz groups were given 30 daily trials on the 
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70-Tral Group 


30-Triol Group 


60 


40 


SPEED OF RESPONSE 


2 10 20 30 40 50 £0 — 70 
HUNGRY- REWARDED TRIALS 

Fic. 1. Learning of the door-touching response by 
groups given various numbers of trials in the drive- 
acquisition apparatus. Speed of response = 100/time 
in sec. Trials plotted by pairs. The 30- and 10-trial 
groups had respectively 40 and 60 more days than the 
70-trial group of preliminary handling and feeding 
while on the deprivation schedule. 


new task of pressing the bar. The latency of bar press- 
ing was recorded and transformed into a speed score. 


Results 


Figure 1 shows the learning of the door- 
touching response. All three groups learned 
readily. The 30- and 10-trial groups seemed 
to learn somewhat more rapidly than the 70- 
trial group, the 30-trial group being signifi- 
cantly superior for the sum of the first 30 
trials (6 = .02). The additional taming, 
handling, and feeding which the 10- and 30- 
trial groups had received before the beginning 
of training may have reduced their initial fear 
below that of the 70-trial group or may have 
given the food pellet additional Secondary 
reward value. 

Figure 2 shows how all four Broups learn 
the new response of touching the bar when 
tested during the second phase of the experi- 
ment without the primary drive of hunger. All 
four groups show a definite learning curve; 
there are no reliable differences among them. 
Each animal's scores were summed for the 
first ten, middle ten, and last ten trials, and 
the resulting matrix of 108 Scores for the 36 
animals was used»in an analysis of variance. 
The variance due to blocks of trials (learning) 
was highly significant (P < .01) wuile the 
differences among groups and the Broups X 
trials interaction did not even approach 
significance. Thus it is clear that all groups 
learned, but there were no Significant differ- 
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TRIALS WITHOUT HUNGER OR FOOD s: 
Fic. 2. Learning of the new bar-pressing cp 
during trials without hunger drive and food em y 
groups which had previously had various numbe: d 
of hungry and rewarded trials in the apparatus. Spee 
of response = 100/time in sec. 


ences either in mean performance or in ee 
ing rate among the experimental groups. 1 

further analysis of the blocks of trials variable 
Shows that the differences between the i 
and second block and between the first an 

third block are highly significant (p < .01)- 
Though there is a slight downward trend from 
the second to the third block, it is not signifi- 
cant (5 — .68). 

Finally, it should be noted that even the 
small differences that do exist among y 
four groups are not Systematically related *on 
the number of trials during drive-acquisiti?” 
training. In mean speed of bar pressing, t 
four groups rank as follows: 30-trial, 0-trial, 
70-trial, and 10-trial. 


Discussion 


The rats in the present experiment learned, 
irrespective of whether or not they tad oe 
ceived previous drive-acquisition pem 
Does this mean that the animals in M 
(10, 11, 12) previous studies of fear (descr: ve 
in the introduction to this paper) would ae 
Jearned without any fear-acquisition trai 4 
Two control groups were involved in iven 
studies composed of rats which had been E 
drive-acquisition training with either bu re- 
(10) or weak electric shock: (12, p. 448) ed 
spectively. Since neither control group shored 
gny subsequent learning, it was Cone gh 
that drive-acquisition training with § 
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electric shock (presumably arousing fear) was 
essential for learning under the conditions of 
those experiments. 

But why did the control animals in those 
experiments fail to learn the new habit of 
bar pressing while the animals in the present 
experiment did learn it? It is conceivable 
that the weak shock induced crouching or some 
other habit incompatible with subsequent 
learning, and that those animals would have 
learned if they had been run without any 
Previous shock. In that case Miller’s previous 
experiments would not be a valid demon- 
Stration of motivation by fear and reward by 
reduction in fear. It is difficult to imagine, 
however, why a weak shock should produce 
more interference with learning than the 
Strong shock which did lead to subsequent 
learning. Furthermore, the control animals 
given drive-acquisition training with hunger 
failed to learn in the previous experiment but 
did learn in the present one. This suggests 
that the different results must have been 
Produced by the one consistent difference in 
Procedure, namely the spacing of the trials. 
In the previous experiment the trials were 
relatively massed, at 3-min. intervals, while 
In the present one they were widely distributed, 
One a day. It would seem that during spaced 
trials in our apparatus rats will learn without 
Previous drive-acquisition training, but that 
during massed trials they will not learn unless 
they are motivated by some reasonably strong 
drive, such as fear established by painful 
electric shocks. 

Since this assumption about the effects of 
Massing the trials is so crucial to the inter- 
Pretation of the previous experiments on 
ear, it will be tested further in the second 
experiment in this paper. s 

The rats in the 70-trial group in our experi- 
ment showed definite learning comparable 
to that of the rats in Anderson’s (1) experi- 
Mental group which was also run with trials 
Spaced one a day. But this learning could not 


€ attributed to learned drive in our experi- 


Ment since the rats with no trials of drive 
acquisition learned equally well. Anderson’s 
Control rats also showed some learning. Since 
xil does not present any tests of statistical 
x ability, it is possible that the fairly impres- 
9d difference between the means of his ex- 
Petimental and control groups was due to 
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chance. It is also possible that the difference 
was reliable but was an artifact of interfering 
factors, such as fear of the maze and handling, 
which may not have been eliminated as com- 
pletely for his control animals as for his experi- 
mental ones. His control animals were 
habituated in a shorter maze than the one used 
for pretraining the experimental animals. 
Furthermore, the feeding which was associated 
with the handling of the experimental animals 
may have helped to extinguish their interfering 
fears. In other words, the function of this 
feeding may have been not to externalize 
drive, but to reduce conflict. On the other 
hand, it is possible that the more complex 
task which Anderson used provided conditions 
which were more favorable either for acquiring 
learned drive or for measuring it. While our 
results do not disprove Anderson's conclusions, 
they cast some doubt on them and set a limit 
to the generality of their application. 

Similar questions arise about the purported 
demonstration of learned hunger by Calvin 
et al. (5). Their conditions may have been 
more favorable than ours either because (a) 
eating may be a more sensitive measure than 
learning, (b) conditioning a drive may require 
the association of an increase in drive intensity 
with the to-be-conditioned stimuli (a state 
of affairs more probable in their experiment 
than ours), or (c) the close association with 
drive reduction in the black compartment of 
our apparatus may have produced an anticipa- 
tory relaxation which neutralized any learned 
drive in the white compartment (12, p. 451). 
Or possibly the difference between the two 
groups in their experiment came from a nausea 
conditioned to the cues during their associa- 
tion with satiation in the control group rather 
than from appetite conditioned to the cues 
during their association with hunger in the 
experimental group. 

The most striking result of our experiment 
was the rapid learning of the new habit of 
bar pressing by the satiated and apparently 
nonrewarded animals irrespective of whether 
or not they had previous drive-acquisition 
training. Why do these animals, especially 
those in the O-trial group, learn to press the 
bar? It seems possible that explanations could 
be developed in terms of light avoidance, ex- 
ploratory drive, activity drive, curiosity, or 
Guthrie's (7) concept of stimulus change as a 
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protection from retroactive inhibition. Con- 
ceivably the more conventional sources of 
primary or learned reward operated in some 
subtle fashion, but such factors had supposedly 
been reduced to a minimum both by satiat- 
ing the animals and by delaying the handling 
and return to the home cage for some time 
after the bar was pressed. In an attempt to 
test some of these hypotheses, a second 
experiment was performed. 


EXPERIMENT IL 


The purpose of the second experiment was 
to determine some of the conditions that are 
necessary for the learning which was observed 
in the first experiment. In order to test the 
hypothesis that the extensive handling, tam- 
ing, and feeding of the 0-trial group was re- 
sponsible for their learning, all rats were given 
briefer taming while satiated and without 
any food reward. To test the hypothesis of 
preference for the black compartment (e.g., 
from light avoidance), the first group was run 
from white to black while the second one was 
run in the opposite direction. This symmetri- 
cal type of a control for obvious, or even 
latent, preference is believed to be a particu- 
larly important one for experiments purport- 
ing to demonstrate learning from a motivation 
such as exploratory behavior, curiosity, or 
activity drive. To determine whether the 
sight and sound of the door dropping is 
sufficient to produce learning or whether en- 
tering and inspecting the black compartment 
is necessary, a third group was run from the 
white compartment but with a white panel 
fastened securely in place just behind the door. 
To determine whether spaced practice was 
necessary, a fourth group was run with massed 
trials. So that the massing would be compa- 
rable to that used in Miller’s (10, 11) experi- 
ments on fear, it was necessary to eliminate 
the 16 min. in the activity box and 8 min. in 
the detention cage. In order to control for 
these changes in procedure, a fifth group was 
Tun with spaced trials, but with the periods 
in the activity box and detention cage omitted. 


Method E 


Subjects. The Ss were 50 naive male albino rats of 
the Sprague-Dawley strain, approximately 70 days old 
at the start of the experiment. All animals were main- 
tained in individual cages on an ad lib. diet of water 
and Purina Laboratory Checkers. z 
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Apparatus. The apparatus was identical with that 
used in Experiment I except for minor changes. For 
the animals running from the black compartment, 
pressure on its floor started the timer; touching a bar 
located in the same relative position as the one in the 
white compartment dropped the door and stopped the 
timer. In other words, the operations of running from 
white to black or black to white were similar. 

Procedure. The animals were tamed by being handled 
once a day for five days when satiated without pene 
any food reward. The first phase of Experiment di 
hungry-reward training in the apparatus, was omitt th : 
The animals were on ad lib. feeding throughout e 
experiment, and were fed wet mash for 48 min. beforg 
each training trial. Immediately after taming, 
animals were divided into five groups of ten each, PR 
proximately equated for mean body weight, and Pal 
domly assigned to the following five experimen 
conditions: licat- 

1. A white-lo-Ulack group with a procedure dup! T 
ing that used in the second phase of the first experimen ë 

2. A black-to-white group run in exactly the "my 
way but in the opposite direction. This was the o 
group started in the black compartment. 

3. A white panel group run exactly like the, fft 
group except that when the door dropped, the i i 
were prevented from seeing or entering the black m d 
partment by a white wooden panel immediately be S 
the door. To equate the effect of the time interv. 
between bar pressing and being picked up and plage 
in the detention cage, each member of this group wea 
given a partner in the white-to-black group and W 
removed from the apparatus at the moment whi f 
would make S's interval on that trial equal to that 9 
its just-previously-run partner. PR os 

4. The massed group received all 18 of their trials 
in a single afternoon with an intertrial interval averag 
ing approximately 3 min. The ten animals in 
group were randomly subdivided into three, four, p 
three animals, respectively, which were run on To 
first, middle, and last days of the experiment. M 
achieve the close massing, the activity box and de 
tion cage were omitted from the procedure; the a 
were returned immediately to their home cages (fr 
Which food and water had been temporarily remove! 
after each trial. In other respects, the procedure for io 
massed group was the same as that for the white- 
black group. e 

5. The massed control group was run without " 
activity box or detention cage to determine the E 
of omitting these procedures. They were run exa dis- 
like the massed group except that their trials MUS: 
tributed at the rate of one per day like those 9 
first three groups. 


Results 


€ jnto 
All the latency scores were transformed 


Speed scores as described for Experiment he 
The. results are presented in Figure 3. jevel 
five groups start out at roughly the same anel 
of performance; although the white Pe - 
and massed groups show little change thr? 
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Fis. 3. Effect of experimental conditions on learning 
of the bar-pressing response by groups trained without 
hunger drive or food reward. Speed of response — 
100/time in sec. 


out the 18 trials, the others show definite 
learning. 

Each animal's scores were summed for the 
first six, middle six, and last six trials, and the 
resulting matrix of 150 scores for the 50 ani- 
mals was subjected to analysis of variance to 
assess the over-all effects due to blocks of 
trials, groups, and groups X trials interaction. 
All three produced highly significant F’s, with 
P in each case less than .01. Table 1 sum- 
marizes this analysis. 
` "Then, for the mean of all 18 trials, separate 
! tests were computed comparing each group 
With every other one. Of these ten compari- 
Sons, all but two produced differences sig- 
nificant at the .01 level of confidence or beyond. 
The difference between the white-to-black and 
Massed control groups and between the massed 
and white panel groups were not significant 
(b = .79 and .59, respectively). 

Next, the significance of the frend for each 
8toup was analyzed by computing separate t 
tests among the three blocks of six trials. 

One of the comparisons among blocks of 
trials even approached significance for either 
the massed or white panel groups. The other 
hree groups all showed an increase from the 
first to the third block of trials significant 

eyond the .01 level of confidence. These 
tee groups also showed significant increases 
Tom the first to the second block, and from 
the second to thé third block, with tlie excep- 
SU of the black-to-white group, which shówed 
haa dicant decrement from the second to the 
trd block of trials. 
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TABLE 1 
Analysis of Variance of Speed Scores in Experiment II 


Source of Variance Mean Square df F ? 


1. Groups........... 2,716,275* | 4 13.86.01 
Zubridis a eee 865,061**| 2 |71.48|—.01 
3. Trials X Groups...  221,908**| 8 |18.34|<.01 
4. Rats within groups. 196,031 | 45 
5. Rats within groups 

»oTHalsso tog 12,102 | 90 


* Tested against 4. 
** Tested against 5. 


Since all groups started from nearly the 
same level of performance, the foregoing 
analysis gives a fairly complete picture of the 
differences among the five groups. As a further 
check, separate ¢ tests were computed on the 
differences between trends among the five 
groups. An examination of the resulting 30 
comparisons simply confirms the’ impression 
one gets from an examination of Figure 3. 
There is little difference between the white-to- 
black and massed control groups or between 
the massed and white panel groups at any 
stage of training. 

After pressing the bar, all the animals (ex- 
cept those prevented by the white panel) at 
least poked their heads into the other com- 
partment and sniffed around. More of the 
animals going to the white entered all the 
way than of those going to the black. On the 
first trial, the difference between the black-to- 
white group and each of the others was 
significant beyond the .01 level. 

For the first 18 trials during which a direct 
comparison is possible, there is little or no 
difference between the learning by the white- 
to-black group in Experiment II and by the 
70-trial group (white-to-black) in Experiment 
I. Though the rats that had had 70 drive- 
acquisition trials before the test may show 
some slight superiority in early trials (pre- 
sumably because their fear of the door's 
dropping has been extinguished), the mean 
speed for these animals averaged over all 18 
trials is not significantly greater than that for 
the white-to-black group of Experiment II 


(p= 38). 


Discussion 

The main results of Experiment II were as 
follows: (a) Satiated and nonrewarded ani- 
mals will learn the bar-pressing response 
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either to open the door from the white to the 
black compartment or from the black to the 
white compartment. (b) Animals that pressed 
the bar (in the white compartment) to drop 
the door but were prevented from seeing or 
entering the other compartment did not learn. 
(c) Animals trained with massed instead of 
spaced trials (white-to-black) did not learn. 
(d) The failure of the massed group to learn 
was not due to the omission of the activity 
box and detention cage from their running 
procedure because the massed control group, 
which was given spaced trials with these 
procedures omitted, learned as well as the 
white-to-black group. 

The fact that the black-to-white group 
learned faster than the white-to-black group 
suggests that a preference for the white com- 
partment may be a source of some motiva- 
tion and reward in the apparatus. However, 
the fact that both groups (running in opposite 
directions) learned shows that such a prefer- 
ence is not a necessary condition for learning. 
Apparently the fact that pressing the bar is 
followed by the chance to observe and enter 
a new compartment is sufficient to produce 
learning. 

The fact that the white panel group did not 
learn shows that the cues produced by bar 
pressing and door dropping, or by being picked 
up and returned to the home cage via the 
detention cage, are not sufficient to produce 
learning; it suggests that the act of seeing or 
exploring the other compartment, or perhaps 
experiencing the change between the two 
compartments (irrespective of the direction 
of change), produces the reinforcement. But 
we cannot tel! whether or not exposure to 
the new stimuli in the other compartment 
would produce learning even if the animals 
were prevented from entering or exploring. 

Since dropping the door provided the ani- 
mals with more space in which to move about, 
it might be argued that the reinforcement came 
from this greater opportunity to exercise or 
escape restriction. However, the white-to- 
black group didnot seem to perform any 
worse than the massed control group which 
was run under identical conditions except for 
the omission of the activity box and deten- 
tion cage. Presumably exercise in the activity 
box before each trial, as opposed to confine- 
ment in the small home cage, would have 
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reduced the exercise drive and produced poorer 
performance in the white-to-black group. The 
fact that the massed controls were returned 
directly to their home cage, rather than to à 
detention cage, after each trial might also be 
expected to produce superior learning 
return to the home cage were a significan 
part of the reinforcement. Thus, the lack o 
any appreciable difference between | these 
two groups also serves as additional evidence 
against assigning an important role in these 
particular experiments to reinforcement from 
return to the home cage. d to 
Guthrie’s (7) principles might be anes 
explain the learning shown by groups t 
had a chance to enter the other compartme® 
and were run with distributed practice. s 
ing the bar would be the last thing that A 
animal did before entering the other panne 
ment, where the change in cues would pro ze 
S from unlearning the habit of presene z 
bar by removing the opportunity to per Bat 
different responses to the original cues. lest 
this explanation—at least in its simples 


most obvious form—would seem to 8PPJ . 


equally well to the massed group which e 
not learn. If it is assumed that general chang Š 
in posture and other sources of interoceptl¥ 
stimulation are more likely to occur during 
the longer interval, the task of the animals vlt 
distributed practice would be more ca 
since they would have to attach the respo™ 
of pressing the bar to a greater variety ta 
combinations of cues. Thus it seems that. 
simple form of Guthrie-type explanation’ s 
not able to account for the difference betW® 4 
the learning of the groups with masse 
distributed practice. Jear? 
The failure of the massed group to C4. 
confirms the conclusion from Miller's (10, ot 
12) previous studies that learning wil 
occur during massed trials in his app” 
unless speciüc procedures have bee= use 
establish a learned drive, such as fear. assed 
Though some inferiority of the ciple 
group wouid be expected from the ae o 
of reactive inhibition (9), the magnitu... 
the difference found in this, experiment g- Jf 
gests that other factors may be operatie gk 
learning were motivated by a relatively ity it 
drive of exercise, exploration, or curio ^" pe 
is possible that this motivation ™8 
satiated or extinguished by the mass? 


ratus 
d to 


rac" 


CONDITIONED HUNGER VS. “EXPLORATORY” DRIVE 


tice and not have enough chance to recover 
during the short time between trials. Mont- 
gomery (14, 15, 16) and Berlyne (2) have 
shown that a rat’s tendency to investigate a 
new stimulus object decreases rapidly with 
continued exposure and shows little recovery 
during a short interval of nonexposure but 
considerable recovery during a 24-hr. inter- 
val. Thus, the satiation of an exploratory 
drive during massed trials but recovery during 
spaced ones may account for the difference 
in the second experiment. If an exploratory 
tendency can produce learning like other 
drives such as hunger, and also show a similar 
pattern of satiation and recovery, these func- 
tional parallels to already known drives would 
help to justify its classification in the same 
category with them, namely as a drive.” 

A considerable body of challenging experi- 
mental work interpreted in terms of “explora- 
tory” and “manipulatory” drives has been 
reported by Harlow and his associates (8). 
Harlow believes that these drives differ from 
the better-studied ones, such as hunger, in 
that external stimuli, i.e., the ones explored, 
both elicit the drive and operate as reinforce- 
ment. 

We, however, would not put a drive in a 
special category simply because it is elicited 
by external stimuli. We prefer the drive- 
reduction hypothesis developed by Hull (9) 
and Miller and Dollard (13), which treats 
externally elicited drives (such as pain) in the 
Same way as other drives. Furthermore, as 
Brown (4) has pointed out, in some of the 
Wisconsin studies on the “visual exploration 
drive” the novel stimuli to be explored are not 
present at the time the animal begins working 
to secure them. If the novel stimuli elicit 
the drive, this would mean that the drive is 
Produced after the animal has performed the 
Tesponse the drive is supposed to be 
motivatiug. 

It, as Harlow seems to imply, the same novel 
Stimuli elicit an exploratory drive and simul- 

: E According to observations by Sharpless (17), novel 
Stimuli elicit an “arousal reaction" presumably: in- 
Volving the brain-stem reticular formation. This 
. Arousal reaction,” indicated by characteristic changes 
in brain waves, shows fairly rapid extinction (pre- 
sumably as the stimulous losesits novelty) and eventual 
Tecovery analogous to that described above. It is con- 


Ceivable that this arousal reaction to novel stimuli is 
Part of the mechanism of exploratory motivation. 


435 


taneously serve as an exploratory reward, a 
strict drive-reduction theory would be unable 
to deal with these phenomena. However, we 
believe it is possible that confinement pro- 
duces anxiety, restraint is frustrating, or 
monotony arouses a drive of boredom. Indeed, 
the observation of small children who are 
required to sit absolutely still, the reports of 
prisoners subjected to solitary confinement, 
and the difficulty of Bexton, Heron, and Scott 
(3) in retaining Ss in their experiment on the 
effects of decreased sensory variation would 
indicate that such conditions can produce 
strong motivation. Therefore, we suggest that 
drives produced by homogeneous or monoto- 
nous stimulation, enforced inaction, etc., may 
be reduced by sensory variety, freedom of 
action, etc., and that such drive reduction is 
the reinforcement involved in learning for 
“exploratory,” ‘“manipulatory,” and “exer- 
cise” rewards. For the present, we choose the 
more parsimonious alternative of trying to 
analyze such concepts as exploratory drive 
along the same lines as conventional drives. 

We also believe some writers have been too 
quick to assume that novel stimuli elicit a 
drive simply because such stimuli commonly 
elicit activity or exploration. This may well 
be a case of confusing the cue properties of a 
stimulus with possible drive properties. Ex- 
ploration may be an innate response to novelty 
in some species, or it may occur because ex- 
ploration has been reinforced in the presence 
of novel cues in the animal’s past history. 
Activity is a poor measure of drive; some 
drives, such as fatigue or fear, may tend to 
decrease activity. 

Irrespective of how the foregoing problems 
of theory and interpretation are handled, we 
agree that it is extremely important to develop 
techniques for studying significant sources of 
motivation which have previously been neg- 
lected. Such studies may lead to fundamental 
extensions or radical revisions of our present 
concepts. Certainly our present list of experi- 
mentally studied motives is far too short. 


SUMMARY 


Experiment I. Four groups of hungry rats 
were given 70, 30, 10, and 0 drive-acquisition 
trials in Miller's learned-drive apparatus with 
íood reward in the goal compartment. The 
animals were started in the white compart- 
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ment and learned to touch the door to open 
it and run into the black compartment con- 
taining the food. In a subsequent test for 
learned drive, these four groups, now satiated 
and nonrewarded, were required to learn the 
new response of pressing a bar to open the 
door to the goal compartment. 

All four groups learned to press the bar, 
but there were no significant differences 
among the four drive-acquisition groups. The 
experiment (a) does not provide any evidence 
for a learned drive based on hunger and food 
reward, and (b) shows that rats with no prior 
experience in the apparatus will learn to press 
the bar while satiated and without the reward 
of food. 

There is a brief discussion of possible arti- 
facts in previous experiments purporting to 
show a learned drive based on hunger. 

Experiment II. Rats satiated for food and 
water were trained in the learned-drive ap- 
paratus to press the bar in one compartment 
to gain access, through the door, to the other 
compartment. No food or water reward was 
present in the apparatus at any time. 

It was found that: (a) Animals will learn 
to press the bar either to gain entry to the 
black compartment from the white one, or 
vice versa. (b) Animals that responded in the 
white compartment but were not allowed to 
see or enter the black compartment did not 
learn. (c) Animals trained (in the white-to- 
black situation) with massed instead of spaced 
trials did not learn. 

A simple application of Guthrie's concept of 
stimulus change as a basis for a persisting 
habit does not seem to be able to explain the 
marked differerice between the groups with 
massed and distributed practice. Explanations 
in terms of exploratory or activity drive are 
discussed. 

The absence of learning during massed trials 
in these experiments confirms the results of 
two control groups used in Miller's previous 
experiments on fear and shows that the learn- 
ing which he observed during massed trials 
following strong électric shocks would not 
have occurred without these shocks, which 
presumably established a strong learned drive 
of fear. 


1. 
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QUANTIFICATION AND COMPARISON OF SEX DRIVES UNDER VARIOUS 
CONDITIONS IN TERMS OF A LEARNED RESPONSE! 


ROLLIN H. DENNISTON, II 
University of Wyoming 


The problem of this study is to find and use 
a more sensitive measure of the sex drive 
than the sex responses. 

The natural or *consummatory" responses 
associated with sex drive such as fore play, 
intromission, and male ejaculation are very 
difficult to compare quantitatively. Each sex 
response series varies from every other in 
terms of the relative numbers and durations 
of the various components. It seems doubtful, 
furthermore, that any one ejaculation is 
quantitatively equivalent to any other ejacu- 
lation, either within or between individuals. 
Nevertheless, such responses have been widely 
used by students of sexual behavior (1, 2, 3, 
4, 5, 10). As Soulairac (6) writes, ejaculation 
and intromission may even have different 
endocrine backgrounds. It is, then, hard to 
know how to weight these various elements, 
to compare and combine them, etc. Stone, 
Tomilin, and Barker (7) used the Columbia 
obstruction apparatus to measure drive 
Strength. The introduction of strong noxious 
Stimuli into a situation already replete with 
unknown variables probably should be 
avoided. The interjection of another drive— 
hunger—whose physiological, sensory, and 
Proprioceptive bases are no better understood 
than those of sexual drives (cf. Stone and 
Ferguson, 8), certainly further complicates an 
already complex situation. Veneziano (9) 
obtained data indicating the possibility of a 
rat’s learning a multiple T maze under sex 
drive. 

„A learned response that is to be used in 
measuring a drive should itself be as free from 
drive-producing or decreasing components as 
Possible. It should, therefore, be easy for the 
animal to learn and nonfatiguing to perform. 
The response of turning a small wheel was 
felt to meet these requirements. > 


l This study was conducted while the author was 
€ guest of Frank A. Beach and the psychology de- 
partment of Yale University, under the terms of a 
"ord Foundatién Fund for the Advancement of Educa- 


tion grant. 


METHOD 


Twenty-two adult male albino rats of the Sprague- 
Dawley strain were subjected to the following training 
and testing schedule: 

Test for copulatory performance. All animals used met 
the criterion of three successive successful tests at 
five-day intervals. A successful test was one in which 
the male ejaculated within the 20-min. test period. 

Cage conditioning. All Ss were placed individually 
in the experimental cage for 10 min. on each of two 
days. This cage measured approximately 18 by 18 by 
12 in. It had a small wheel available at one corner, and 
a holding cage with a sliding floor flush with the ceiling 
of the larger cage in another corner. The wheel was 
immovable when the experiment was not in progress. 

Training and testing. For his first experimental 
run the male was placed gently in the testing cage 
with the wheel locked, and a stop watch was started. 
After 2 min, the wheel was unlocked and given a turn 
by E. As soon as the male turned the wheel one revolu- 
tion, the time was noted and a receptive female was 
dropped through the trap door to him. The latency 
from the availability of the female to the first copula- 
tion was recorded. After five copulations the time was 
noted, and the female was replaced in the holding cage. 
The interval until the male once again turned the wheel 
was recorded and the female again dropped through the 
door. This procedure was repeated until the male 
achieved an ejaculation or until the 20 min. had elapsed. 
If an ejaculation occurred, the female was immediately 
placed in the holding cage. The interval from this time 
until the male turned the wheel was known as the 
absolute postejaculatory latency, and that ensuing 
between this wheel turning and the first postejaculatory 
copulation, the relative postejaculatory latency. 
Periods of five copulations were allowed and timed 
as before until the test period terminated. Six training- 
testing periods of 20 min. each were given at weekly 
intervals to all animals. 

Extinction trials. Following the series of six training- 
testing trials, extinction trials began. These were identi- 
cal to the preceding trials except that the receptive 
female was not dropped to the male, and the duration 
of each period was 10 min., to give more distributed 
trials. The number of revolutions given the wheel in 
each minute was recorded. 


RESULTS 


Wheel-Turning Performance 


Secondary-cue initial latency. This was the 


‘time from the turning of the wheel by Æ until 


the animal turned the wheel. The averages 
for the six trials ranged from 19.1 to 262.5 sec. 
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ENCY 
220 SECONDS LAT 


200 ` ABSOLUTE POSTEJACULATORY 
N = 
N, A 74 
C Tr Yy Pá 
bd W TOTAL POSTEJACULATORY 
X (half soale) 
389, MNs. 0,7 NRELATIVE 
Fo S KTT POSTEJACULAT 
140 / ^ 


INITIAL 
WHEEL 
TURNING , 


TRIAL: TRAINING EXTINCTION 


Fic. 1. Average 


wheel-turning and sexual per- 
formance latencies 


with a mean average of 64.05 sec. The aver- 
ages for the 22 animals on each trial Showed an 
irregular drop from 99.54 sec. on the first trial 
to 43.63 sec. on the last trial. During extinc- 
tion trials the average rose from 30.7 sec. on 
the first trial to 170.0 sec. on the last. 

Intercopulatory latencies. These were periods 
from the removal of the female following a 
given five copulations until the male once 
again turned the wheel. The precopulatory 
latency was the time from the first presenta- 
tion of the female to the first copulation. 
This latency averaged 83.0 sec. for all trials. 
This was not, of course, a wheel-turning la- 
tency. 

The first intercopulatory latency was that 
between copulations 5 and 6. It averaged 75.9 
Sec. for all trials. It showed a fairly consistent 
drop, from 130 to 38 sec. during the learning 
trials. 

The second intercopulatory latency was 
that between copulations 10 and 11. It aver- 
aged 60 sec. for all trials and showed a drop 
from 106.4 to 42.9 sec. 

The postejaculatory latency was divided 
into two Subperiods: the absolute period, from 
the removal of the female after the ejaculation 
until the male turned the wheel agaiñ, and 


the relative latency, from the time the female ^ 


entered the experimental cage as the result of 
this wheel turning to the first postejaculatory 
copulation. Only the absolute postejaculatory 
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period represents a wheel-turning latency. It 
averaged 188 sec. and showed no regular trend 
during the course of the trials. The relative 
postejaculatory latency likewise showed no 
regular trend and averaged 145.7 sec. The 
total postejaculatory latency remained mark- 
edly constant for those showing postejacula- 
tory activity (see Fig. 1). 

Wheel-turning extinction. The average num- 
ber of wheel revolutions per animal fell from 
39.3 on the first extinction trial to 12.8 on H 
fourth. Five of the 22 animals had stoppe 
turning the wheel entirely by this time. 


Reproduclive Performance 


Ejaculation. Although all experimental 
animals had reached the criterion of anes 
Successive ejaculations, five failed to ejacu 
late during the training and testing a 
One showed 16 per cent ejaculation; € 
reached 50 per cent; two gave 67 per cen 
results; three were 84 per cent effective; an 
Six ejaculated at all opportunities. — l 

Time for ejaculation. The experimenta 
animals required an average of 12.19 ee 
from the time they were first presented with 
the receptive female to reach ejaculation. 
The range was from 4.5 to 19.7 min. These 
times included the intercopulatory agen 

Copulations to first ejaculation. The p 
copulated between 8 and 20 times, on a 
average, before reaching ejaculation. Pac 
mean number of copulations before the pie 
plug was delivered was 13.8. Those rats T x 
quiring the fewest copulations to reach € 
were most likely to ejaculate on every opP er 
tunity (p = 48 + .181, significant at t 
-05 level). A 

Copulation rate. This datum is derived pe 
the number of copulations before the s 
ejaculation divided by the active copulata 
time preceding this end point. It ranged mo 
1 copulation per 19.2 sec. to 1 per 73. here 
The over-all average was 1 in 39 sec. T. là 
Seems to be little correlation between cop" 
tion rate and probability of ejaculation. 


DISCUSSION - iis 
em ; d be 
Great variation was appacent in an pe 


tween the individuals’ performance ° ning 
recently learned response of wheel ee ai 
and the more natural responses asso 


QUANTIFICATION OF SEX DRIVES 


with sex drive. An animal might turn the 
wheel rapidly and frequently and have little 
to do with the receptive female; the converse 
was equally true. Therefore, it was felt that 
rank-order correlation coefficients [p = 6(D*)/ 
N(N* — 1)] between wheel-turning latencies 
and the “natural” expressions of sex drive 
might be indicative. In each case the rank 
order of wheel-turning latencies is compared 
with that of the listed criterion: 


" Sex Response p 
Copulations to the first ejaculation .01 
Time to the first ejaculation 17 
Copulation rate —.05 
Probability of ejaculation .02 

—.30 


Relative postejaculatory latency 


The only thing that wheel-turning latency 
correlated with was the number of turns dur- 
ing extinction trials, .51 + .174. In other 
words, the quicker an animal tended to turn 
the wheel, the longer it took him to extin- 
guish when the response was no longer rein- 
forced. This is, however, in a sense, simply 
comparing one aspect of wheel turning with 
another and indicates nothing as to a common 
drive factor with sex responses. 

The number of turns made during extinc- 
tion trials might be indicative of the drive 
active at the time, which in turn might be 
related to the quantity of drive active during 
the reinforced trials. As a check on this pos- 
sibility, rank-order coefficients between the 
number of extinction turns and the various 
Sex responses were determined: 


Sex Response p 
Copulations to the first .23 
ejaculation 
.45 + .187 


Reciprocal of time to the 
first ejaculation 


© Copulation rate .29 
Probability of ejaculation «al 
3 .63 + .142 


Reiative postejaculatory 
latency 


The last of these coefficients would seein 
to deserve special attention. It means that 
animals that tend to give the most turns 
during extinction—require the greatest s/; to 
negate the ,E,"in Hullian terms-^are those 
that take longest to recover from ejaculation. 
Could it be that in them the drive is more 
adequately reduced, leading to the necessity 
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of a longer recovery period before they will 
again copulate, and at the same time that 
they have a stronger 5H; established, requir- 
ing more unreinforced responses to extinguish? 
It is noticeable that extinction turns seem 
to correlate better, on the average, with all 
the more natural sex responses than do the 
wheel-turning latencies, the average of coeffi- 
cients for extinction turns being .38, compared 
with an average of coefficients for wheel-turn- 
ing latencies of only .11, neglecting sign. It is 
possible that the device used in measuring 
sex drive was not as free from drive produc- 
tion as it might have been. Although the wheel 
was small, so that the rat turned it with fore- 
feet only, it may have aroused exploratory 
drive. Another paper is now all but complete 
in which bar pressing was the response used 
to measure sex drive. This response should 
not be intrinsically drive-arousing or reducing, 
and the results, therefore, should be more clear 


cut. 


SUMMARY 


A first attempt to find a measure of sex 
drive in terms of an easily quantifiable re- 
sponse involved the determination of various 
latencies connected with turning a small wheel, 
and other latencies associated with the more 
natural or consummatory sex responses. Al- 
though little correlation appeared to exist 
between these two types of latency, a more 
significant correlation was found between 
number of wheel turns during extinction and 
previous consummatory sex responses. Inves- 
tigation of possibilities suggested by this latter 


finding is being continued. . 
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THE SECONDARY REWARD VALUE OF FOOD FOR SATIATED ANIMALS! 
EDWARD L. WIKE anp ALBERT CASEY 


University of Kansas 


After a review of latent learning studies 
Thistlethwaite (4) stated that irrelevant in- 
centives do not function as learned rewards 
during the latent period. To test this proposi- 
tion 8-hr. thirsty, food-satiated rats were 
trained to traverse a runway (6). Half the Ss 
ran to an empty goal box, and the other half 
to an irrelevant incentive—food pellets scat- 
tered on the goal-box floor. Since the second- 
ary reward group ran faster and more con- 
sistently, it was concluded that a learned 
reward is effective when another primary 
drive is active. This conclusion ignores the 
interaction of hunger and thirst; e.g., it is 
known that Ss deprived of water reduce their 
food intake. Therefore, it is likely that a weak 
hunger drive was also operating. 


The purpose of the present investigation is” 


to determine whether or not a secondary re- 
inforcing agent will facilitate runway per- 
formance when the primary drives of hunger 
and thirst are satiated. Two additional aspects 
of interest are to study the effects of two 
satiation techniques and to see if the secondary 
reinforcing agent will lose its potency after 
an extended period of tests. 


EXPERIMENT I 


Method 


Subjects, The Ss were 23 naive male Sprague-Dawley 
rats approximately 75 days of age. They were secured 
from the Sunset Hills Farm of Lawrence, Kansas. The 
Ss were assigned at random to the two treatments 
described below. One S was discarded in pretraining 
because of excessive timidity, leaving two groups of 11 
Ss each. 

Apparatus, The alley runway previously employed 
46) was used. Elevation of the starting-box door acti- 
Vated a standard timer, which was stopped when the 
weight oi S’s body depressed a floor panel at the goal- 
box entrance. The basic response measure, running 
time, was defined as the elapsed time between these two 
events. ign 5 

Prelraining procedure. During the first five days Ss 
Were gentled, and a mash satiation regimen was,insti- 
tuted. At 8 a.m. the food pellets and water bottles were 
removed from the living cages. At 12:00 N. they were 
returned. Three hours later dishes of wet mash and 
Water were placed in the cages for 1 hr. Since some Ss 
drank after handling, the water dishes were left in the 


! This research was supported by the Faculty Re- 
Search Committee, University of Kanscs. 
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cages for an additional 15 min. prior to running. The 
individual handling cages in the experimental room 
were equipped with water bottles and dishes of food 
pellets. 

On day 6, Ss in squads of five or six explored the 
empty runway for 15 min. On days 7 and 8 each S 
underwent a single runway trial. The results of these 
trials disclosed that the means and variances of two 
independent groups differed only within the limits of 
sampling error. 

Test procedure. In the subsequent 20-day test period 
Ss received one trial per day. Food pellets were scattered 
on the goal-box floor for the experimental group, 
whereas the control Ss ran to an empty end box. On 
day 21 half of the Ss in each treatment were given ten 
massed trials, and on day 22 the remaining Ss had ten 
massed trials. During all trials Ss were confined in the 
goal box for 20 sec. before being returned to their indi- 
vidual handling cages. On the massed trials Ss spent 30 
sec. in the individual cages between trials. Throughout 
the test period the mash-satiation technique was 
utilized. 


Method 

Subjects. The Ss were 23 naive 90-day-old Sprague- 
Dawley albino rats and were obtained from the same 
source as above. Eleven Ss were assigned at random 
to an experimental group and the other 12 Ss to the 
control group. 

Pretraining procedure. The procedure was identical 
to that of Experiment I except that an ad libitum 
satiation method was employed. Food pellets and water 
were available in the home cages at all times with the 
exception of 30 min. following the completion of the 
daily procedures when the water bottles were absent. 
Thus the only difference between the maintenance 
schedule in this experiment and the earlier one (6) was 
that Ss had unlimited access to both food and water. 
Because the groups performed differently on days 7 
and 8, ten closely matched pairs of Ss were selected, 
and the two rats in each pair were randomly assigned 
to the experimental and control group. : 

Test procedure. The test procedure was similar to 
that of Experiment I except that a single trial was 
administered daily for a 30-day period. Again, the 
control Ss were run to an empty end box and the ex- 
perimental Ss to the irrelevant incentive, food pellets 
on the end-box floor. In this period a matched pair of 
Ss was eliminated when an experimental S ate a pellet 
on the thirteenth trial. * 

RESULTS 


Tke median running times for successive 


EXPERIMENT II 


` blocks of five trials in Experiment I are shown 


in Figure 1. The application of Wilcoxon's T 
test for unpaired replicates (7) revealed that 
the differences between the groups were Sig- 
nificant at less than the .02 level on trials 
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GROUPS 


MEDIAN RUNNING TIMES IN SECONOS 


re 65 Em "s "S m 
TRIALS 
Fic. 1. Median running times in seconds during the 
two matching trials and the 30 test trials for the control 
and experimental groups in Experiments I and II 


26-30 


6 to 10, just above the .05 level on trials 11 to 
15, and at the .02 level on trials 26 to 30. To 
secure an over-all statistical test of the effec- 
tiveness of the secondary reinforcement during 
the distributed trials the median of each S’s 
medians on the four blocks of trials was com- 
puted. A test between the groups yielded a 
T of 88, which was significant between the .01 
and .02 levels of confidence. Although the 
groups had homogeneous variances in pre- 
training (F = 1.65, p > .10), the over-all 
median running times for the control Ss ap- 
peared to be far more variable. Since the 
distributions of medians were badly skewed, 
they were normalized by a logarithmic trans- 
formation. The homogeneity of variance test 
on the transformed scores showed that the 
control group was more inconsistent 
(F = 8.21, p < .01). Finally, an examination 
of the separate trial medians showed that the 
learned reward group ran faster on 26 out of 
the 30 trials. All these comparisons lead to the 
conclusion that an irrelevant incentive pos- 
sesses reward value when the primary drives 
of thirst and hunger are satiated. 

The induction of satiation by the ad libitum 
method in Experiment II resulted in the same 
general performance trends observed in Ex- 
periment I (see Fig. 1). The small but con- 
sistent differences in the median running 
times in favor of the learned reward, group 


were assessed by the signed rank test (7).2. 


The difference between the groups was sig- 
nificant at the .02 level on trials 11 to 15, just 


2 This statistical test was applied because Ss were 
matched in Experiment II. : 
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above the .05 level on trials 16 to 20 (T — 7; 
Tos = 6), and at less than the .05 level on 
trials 21 to 25. An over-all comparison, utiliz- 
ing the median of each S’s medians for the 
six blocks of trials, was significant at the .02 
level of confidence. A £ test for correlated 
variances (5) showed the over-all medians 
of the experimental Ss to be less variable 
(t = 5.23, p < .005). And again the experi- 
mental group’s individual trial medians were 
smaller than those of the control group on 27 
of the 30 trials. 

The curves in Figure 1 suggest that the 
two satiation methods did not produce differ- 
ential effects. To confirm this observation 
Festinger’s d test (1) was applied to the sec- 
ondary reinforcement groups from Erpa 
ment I and II on the first four blocks of triats 
and to the two control groups during the same 
periods. Because none of these eight compat! 
Sons approached significance, we may COn- 
clude that there was no difference in the per- 
formance of the animals that were subjected 
to the mash-satiation technique and those 
that experienced the ad libitum method. 

The persistence of the learned reward 
through time is evident from Figure 1. In 
Experiment I the Secondary reward Ss COP- 
tinued running rapidly for 20 days. Even 
when the trials were massed on trials 21 to 
30, the experimental group displayed a grea 
resistance to response disruption than. ee 
manifested by the controls. In Experimen 
II, where all the trials were spaced, the inde 
vant incentive still appeared effective afte 
30 days of running. a 

Finally, the results of the present two expe 
ments and of the earlier investigation o 
may be contrasted. In the three experimen"? 
the over-all median Tunning times were sig 
nificantly shorter for the secondary p 
Ss. Even more striking was the effect of ^s 
secondary incintive on the running ti-:2 Lori 
ability. The Ss running to an empty end E 
exhibited far greater inconsistency in bs 
performance: A third difference observed d- 
the three experiments was for the ep 
menial group's median response time to, h 
sherter than the control group's on à ped 
proportior of the individual trials. We p 
conclude that the secondary incertive is €^": 
tive either when another primary up yes 
present or when the thirst and hunger dT 
are satiated.’ 


SECONDARY REWARD AND SATIATION 


DISCUSSION 


Generally token rewards are subject to 
experimental extinction (2). Yet in the present 
set of experiments the learned reward still 
appears influential at the termination of 
testing. We contend that this persistence is 
due both to its long past history of associa- 
tion with drive reduction and to the fact 
that the reward value of the food is constantly 
being renewed when Ss feed in their home 
cages. The recurrent coupling of the percep- 
tual properties of food and hunger reduction 
in the living cages serves to forestall such 
extinction. 

An alternative explanation for the per- 
sistence of the runway response under satia- 
tion conditions involves the postulation of a 
strong exploratory drive. When the “primary” 
drives of hunger and thirst are slaked, this 
drive becomes dominant (3). It is maintained 
at a high level, during the distributed trials, 
by the single exposure to the apparatus daily. 
The superiority of the experimental Ss could 
then be attributed to the presence of food 
pellets as objects to be explored. The tenability 
of this hypothesis would have to be investi- 
gated by running control Ss to inedible objects. 

In retrospect the failure of the two satiation 
techniques to produce differential effects does 
not seem too surprising. The major difference 
between the two treatments was that the 
mash-satiated Ss were deprived of food and 
water for a 4-hr. period each day while the ad 
libitum Ss never experienced deprivation. It 
is possible that extended periods of depriva- 
tion would bring about more complete satia- 
tion and reduce the learned reward value of 
the irrelevant incentive. 

Finally, it should be noted that the results 
of the present and previous (6) experiments 
are not in accord with Thistlethwaite’s con- 
clusion (4) that irrelevant incentives do not 
function as learned rewards during the latent 
period. Contrary to this position, we have 
found the secondary incentive to be effective 
either when another primary drive is present 
or when the primary drives of thirst, and 


hunger are satiated. i 
SUMMARY e 
The primary purpose of these two investiga- 


hether or not an 


tions was to determine Ww 


ul 
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irrelevant incentive, the sight of food, acts 
as a learned reward for Ss satiated for food 
and water. Secondarily, the persistence of 
such acquired reward value and the effects of 
two techniques for inducing satiation were 
studied. Since the experimental Ss, traversing 
a runway to an end box containing food, ran 
more rapidly and consistently than the con- 
trol Ss running to an empty goal box, it was 
concluded that the sight of food has reward 
value when the primary drives of hunger and 
thirst are satiated. 

The learned reward value and its observed 
persistence were attributed to the historical 
and contemporary association of the learned 
reward with drive reduction. Another explana- 
tion for these phenomena involved positing 
an exploratory drive and conceiving of the 
food pellets as objects for exploration and 
manipulation. This hypothesis requires further 
experimentation to assess its truth value. 

The two satiation techniques did not pro- 
duce differences in performance in either the 
control or experimental groups. It was sug- 
gested that the 4-hr. deprivation followed by 
mash feeding and the ad libitum schedules 
were not sufficiently dissimilar to yield differ- 
ent behavioral outcomes. 

Lastly, the discordance between the present 
results and Thistlethwaite’s position was 
pointed out. 
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CHANGES IN THE SELF-SELECTION PATTERN FOR PURIFIED 
DIETARY COMPONENTS BY RATS AFTER STARVATION: 2 


HOWARD G. SCHUTZ anp FRANCIS J. PILGRIM 
Quartermaster Food and Container Institute for the Armed Forces, Chicago, Illinois 


Nutritionists have demonstrated that cer- 
tain diets are more efficient than others for 
the rehabilitation of rats after starvation. 
There is also evidence that some diets fed to 
rats after starvation have harmful physiologi- 
cal effects. The present experiment was de- 
signed to test the ability of rats to self-select 
an optimum diet for rehabilitation and to ob- 
tain additional information on the changes in 
patterns of selection of purified dietary com- 
ponents after a period of starvation. 

Experimental results differ with regard to 
which diets are more efficient for rehabilitation 
of rats after a period of starvation (2,.3; 10). 
In an experiment on rehabilitation after three 
types of dietary restriction, DaCosta and 
Clayton (2) found that, independently of the 
preceding dietary restriction, the rats reha- 
bilitated with a high-fat diet gained weight 
more rapidly than those rehabilitated with 
other diets. A high-protein diet produced the 
slowest weight recovery, and a high-carbohy- 
drate diet had an intermediate effect. However, 
Krehl and McNulty (3), in describing a similar 
experiment, state that they found no significant 
differences in weight gains of rats rehabilitated 
by a high-fat, high-protein, or high-carbohy- 
drate diet after a starvation that produced 
30 per cent reduction in weight. They also 
reported that adult rats placed on a self- 
Selection diet after a starvation period fell 
into two groups: (a) those that regained weight 
at a reduced rate and (b) those completely 
unable to gain. After rehabilitation on the 
self-selected diet or on a prepared diet, the 


! Part of this material was presented at the meetings 
of the American Psychological Association, September 
1953, in Cleveland, Ohio. 

*'This paper reports research undertaken at the 
Quartermaster Food and Container Institute for the 
Armed Forces, and has been assigned No. 460 in the 
series of papers approved for publication. The views or 
conclusions contained in this report are those of the 
authors. They are not to be construed as necessarily 
reflecting the views or indorsement of the Department 
of Defense. 


rats were starved a second time and placed on 
self-selection. This time all the rats made a 
more rapid recovery, and 100 per cent of 
those on self-selection for a second time selected 
adequately. There was no mention of how 
much of each component was eaten during 
rehabilitation. Winter (10) reported that the 
forced feeding of carbohydrates to rats di 
starvation produced lesions of the gut as wel 
as other physiological disturbances. 

Andik and associates (1) gave rats a free 
choice of a high-fat, a high-protein, or a high- 
carbohydrate diet after six days of starvation 
and found that the animals chose more of the 
high-fat diet than of either of the other two. 
Goetzl (11) has indicated that rats which were 
on a self-selected diet consisting of fat, car- 
bohydrate, protein, and a salt mixture, an 
supplied with vitamins, will, after a two-day 
period of starvation, choose significantly more 
fat and significantly less protein and carbo- 
hydrate. Data from an experiment by Pilgrim 
and Patton (7), in which, incidental to E 
purpose of the experiment, rats on a self- 
selected diet were starved for a period of two 
days and subsequently put on self-selection 
again, did not show the same trend. 


METHOD 
Subjects and Apparatus 


The Ss, 43 male rats of the Sprague-Dawley straint 
Were received at 40 days of age, with a weight range Al 
125 to 150 gm. The animals were housed in individu 
cages with aluminum racks to hold the food cups p- 
separate compartments. These racks, especially CO e 
Structed to be used with a conical food cup to ming 
spillage, permitted weighing the food that was SP! 


Procedure 


From 40 to 49 days of age the rats were fed P nie 
Chow and water ad libitum. From 50 to 60 days E uu 
tlie diet was changed to a mixed purified diet consist 
of 25 per cent hydrogenated vegetable fat (end 
25 per cent casein (Labco, “vitamin-free”), 45 per zi 
Sucrose, and 5 per cent salts IV (5). They were Sable 
vitamins daily in two solutions, the water-so". 
vitamins in 20 per cent alcohol, the oil-soluble vit pout 
in corn'oil. The daily dosage, fed by dropper, was # 
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four times the known requirements.’ In order to ac- 
custom the rats to eating from the cups in the rack, the 
mixed purified diet was randomly moved from one 
compartment to another during this phase of the 
experiment. To familiarize the rats with casein, which 
is known to be rejected by many rats placed on self- 
selection (6, 8), it also was presented in the same manner 
as the purified diet. 

At 61 days of age (weight range 201 to 265 gm.) all 
43 rats were placed on self-selection, the diet consisting 
of the four food components used in making the mixed 
purified diet, with each component placed in a separate 
food cup in the aluminum racks. They were given 
water ad libitum and were fed the vitamins daily. The 
four components, including the spillage, were weighed 
every two days, the fat and sugar each to a gram, the 
casein and salts each to a tenth of a gram. The cups 
were refilled, reweighed, and replaced in the cages, the 
order of their replacement being randomized each time. 
The animals were weighed every four days. 

It was shown by Scott (8) and by Pilgrim (6) that 
not all rats select an adequate diet from the four 
components used in this experiment. In their experi- 
ments, as well as in this one, one-third to one-half of 
each group of rats failed to eat enough casein to permit 
adequate growth. 

In this experiment, 22 of the animals were growing at 
a satisfactory rate and selecting an adequate diet at the 
end of three weeks of self-selection. Of the adequate 
selectors, which we will refer to as group I, some ate 
mostly fat and others mostly sugar; but all ate at 
least 3 gm. of casein every two days. The 21 animals 
that were not selecting an adequate diet were losing 
weight and ate very little, if any, protein. They ap- 
peared quite undernourished and had greasy hair, due 
most probably to not cleaning off accumulated fat. 
At this time (78 days of age), group I was continued 
on the four components, while the other animals were 
placed on a restricted diet consisting of only 1 gm. each 
of fat and sugar, with casein and salts ad libitum for 
each two-day period in order to determine whether or 
not they would eat casein and grow under these con- 
ditions. 

All the animals on the restricted diet ate protein and 
LIE Eta os Se E 

3 The daily dosage provided the following amounts of 


Vitamins: 


thiamine 40 pg. Vitamin A 100 I.U. 
hydrochlo- (acetate) 
* ride 
riboflavin 40 pg. Vitamin D, 20 I.U. 
aa (calciferol) 
Pyridoxine 40 vg. Vitamin K (2 40 ug. 
hydrochlo- methyl-1,4- 
ride naphtho-5 ^ > 
quinone) 
calcium panto- 200 yg. Vitamin E (a- 400 ug. 
, thenate tocopherol) j 
Nicotinic acid ^ 200 ag. biotin Vag. 
Choline chlo- 20 mg. folic acid 3 1 ug. 
, ride E 
*inositj] 4 mg. 


, to determine the signi 
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began to grow, except one that died on the third day 
from a respiratory disorder and malnutrition. After 18 
days of this diet these animals were again placed on the 
four-component self-selection diet. This part of the 
experiment was conducted in order to determine 
whether animals that did not previously eat casein 
would eat it if they were allowed only small amounts of 
the other two components supplying calories, and, 
further, whether they would eat it if again given a 
choice of the four components. The fact that the rats 
ate casein during the period of restriction of other 
sources of calories demonstrates that the need for 

calories, as described by Scott (8), leads to consump- 

tion of even a nonpreferred food. Even though this was 

not part of the original problem, it was felt that 

valuable information might be obtained from animals 

that would otherwise be destroyed. 

At 100 days of age, and at the end of six weeks of 
self-selection, group I, consisting of 22 rats, was starved 
for two days except for access to water. They were then 
again allowed to select their diet from the four com- 
ponents. Three animals that were losing weight and not 
selecting adequately were eliminated at day 110; 
therefore, their results are not included in the analysis of 
the data. When the 20 animals which were on the re- 
stricted diet weighed approximately what they had 
before self-selection, they were put back on the self- 
selection diet. This was on day 96. At the end of two and 
one-half weeks of self-selection 10 of these animals were 
selecting adequately and growing (referred to as group 
ID; the 10 which were not were eliminated. The ten 
animals of group II plus the 19 animals of group I were 
starved for a two-day period at 112 days of age. They 
were then put back on self-selection for a two-week 


period. 
Statistical Analysis 


Since there were no a priori reasons for assuming 
that the two groups could be combined, their data were 
analyzed separately. In fact, good reasons for not 
combining them existed; the restricted-diet group had 
only one period of starvation, and it was at an age dif- 
ferent from the first starvation of group I. i 

The amounts in grams of the sugar, fat, and casein 
eaten by each animal were converted to calories, using 
the factors 3.87, 8.84, and 4.27 cal/gm, respectively. 
The amounts, in terms of calories, were also converted 
to percentage of total calories eaten by each animal. 
These values were averaged for all animals for each 

hr. period of measurement. ‘ 

Pria conttel period for group I begins with day 82, 
rather than day 61, because the earlier period of self- 
selection was used to accustom the rats to the situation 
as well as to determine which animals could select an 
adequate diet. For group I the control period begins on 
day 96 with the self-selection that followed the re- 


stricted diet. s 1 
An.analysis of variance was run for group I in order 

r ificant changes and interactions in 

ment. Each of three components (fat, sugar, 


arately. The amount of calories 
periods, 


the experii 
casein) was analyzed sep 1 
eaten by each animal was divided into three 
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110 ite} 
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Fic. 1. Amount of calories eaten by group I, adequate selectors (V = 19) (CHO = carbohydrate) 


one control and two recovery periods. The three periods 
were subdivided into three equally spaced subperiods, 
which consisted of the average of three values for each 
subperiod in the control period (a one-day weighing was 
omitted), and the average of two values for each sub- 
period of the two recovery periods. With these values a 
3 by 3 by 19 analysis was run for each food component. 
In order to determine which period-subperiod dif- 
ferences contributed most to the significances that were 
found in the analyses, ¢ tests were run using the method 
of differences (4). 


RESULTS AND DISCUSSION 


The group averages of caloric consumption 
of each component as well as total calories for 
days 82 to 127 for group I and for days 96 to 
127 for group II are plotted in Figures 1 and 
3. Each point represents caloric consumption 
for a two-day period. Figure 2 illustrates the 
data from Figure 1 converted to percentage 
of total calories. Although some have used this 
Statistic, it should be noted that its use in the 
interpretation of these results is misleading in 
that the large increase in calories of fat con- 
sumed is automatically reflected as a decrease 
in Percentages of sugar and casein even though 
the consumption, in terms of calories, of sugar 
and casein does not change. Actually, Figures 
1 and 3 show that in both groups the amount 
of calories of fat consumed increased after 
starvation while the sugar and casein remained 
approximately the same. 


Figure 4 illustrates the change in body 
weight for both groups throughout the ex- 
periment. The body weight of group I gradu- 
ally increased throughout the experiment, €x- 
cept at the weighing period immediately m 
the second starvation when there was a slig 
decrease in weight. The weighing after the 
second starvation was done at the beginning 
of rehabilitation because it was noticed that nO 
weight change was shown after the first ap 
of starvation when weighing was done e 
days after rehabilitation was initiated. T : 
body weight of group II decreased up to t B 
time of the restricted diet, then there was x 
sharp increase up to the period of stervatio 
a small drop after starvation, and then 
steady increase. ef 

Although the patterns of changes aft 
starvation generally are the same for bo s 
groups, they do differ in that: (a) more calore 
of fat are eaten by the restricted-áiet pow 
(group IT), and (b) the adequate self-sclecto" 
(group I) obtain more calories from the pr is 
tein than they do from the sugar, wit 
opposite from group II. A possible explanat® 
of the first difference may be that group io 
in a state of semistarvation when self-select y 
is reinitiated, and they make this up by €? fat 
more fat. This is suggested by a drop "P ent} 
consumption near the end of the Bp. by 
presumably they have made up the defic! 
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Fic. 3. Amount of calories eaten by group II, restricted diet (V = 


this time. Evidence for this is the fact that the 
average weight of group II (322 gm.) at the 


end of the experiment is almost the same as , 


that of group I (337 gm.). 3 

Results cf the analyses of variance are 
shown in Table 1. The most meaningful ee 
fect is the period-subperiod interaction, for it 


e 


( 


10) (CHO — carbohydrate) 


represents the changes due to starvation. For 
this interaction the only significant result was 
in the fat analysis. All the effects were tested 
for significance against the mean square of the 
three-factor interaction. 

- The analysis of the data by / tests was 
utilized only when the analysis of variance 


BODY WEIGHT IN GRAMS 
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Fic. 4. Body weights of groups I and II (group I, 
N = 19; group II, N = 10) 


indicated significant changes related to starva- 
tion. No ¢ tests were run for carbohydrate 
since there were no significant effects that 
were related to starvation. 

For fat, the average number of calories 
eaten by each rat during the control period 
was compared with each of the three sub- 
periods following each starvation. Also, a £ test 
was run between the first subperiods follow- 
ing each starvation to determine their role in 
the interaction significance since the caloric 
consumption after the second starvation is 
obviously greater than after the first. 

The only significant ¢’s were for the control 
period versus the first subperiods of the two 
recovery periods, which were significant at the 
-01 and .001 level, respectively, and between 
the two poststarvation subperiods at the .05 
level. The former results indicate that the 
amount of calories obtained from fat is sig- 
nificantly different from the control period for 
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only the four days after a starvation period. 
The latter result points to a possible learning 
effect due to the first starvation and recovery 
period, a fact which would fit into a theory of 
adjustment to repeated stress (9). The differ- 
ence between the fat consumption after the 
first and second starvations can easily be seen 
in Figure 1. In line with this idea, the amount 
of calories of fat consumed by group II after 
their starvation, which comes at the same age 
as group T's second starvation, is very simba 
to that consumed by group I after its mm 
starvation period (group I, 102.8 calories, 40! d 
group II, 98.2 calories, for the two-day pero 
following the first starvation). This simile 
lends further support to the theory t ia 
there is some adjustment in the rat to the T 
peated stress of starvation. T 
For the data on casein, the same ! tests f 
for fat were run but only to explain the M 
effects since the interaction related to Lice 5 
tion was not significant. The only significa? 
Ps were those between the control period a 
the second and third subperiods of the seco 3 
recovery period, at which time there pag 
drop in casein consumption, as show? tbe 
Figure 1. These /'s were both significant at ii 
-05 level. Thus the only significant ie 
casein consumption over the experiment see 
to be related to the factor of age. 


SUMMARY AND CONCLUSIONS ; 

o 

The effect of starvation upon the pattem 

self-selection by young adult rats of 2 
purified dietary components, casein, 
Sucrose, and salts, has been described. 


TABLE 1 
Analysis of Variance for Three Food Components i 
eee dr Mean Square F Values m 
Fat Sugar Casein Fat Sugar QE 
+* 
Period 2 | 2859.25 | 91.50 | 595.31 |- 7.09" — e 
Subperiod 2 | 18671.01 | 156.19 | 1218.71 | 46.33** | 1.34 16: eh 
Rat 18 10875.52 3594.89 |> 2840.99 26.99** 32.30** 39.1 
PXS 4 1377.52 10.14 *| 166.72 3.42* = 2e 
RXP 36 "m [$9 | aen Sas | Ea zaa 
RXS 36 484.72 125.71 815.73 1.20 | 1.08 1: 
- " T 
PXSXR 72 402.99 116.70 72.66 
Total 170 | 1996.28 563.79 437.40 EIN e, 
* Significant at the .01 level, 3 a 


** Significant at the .001 level. 
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rats that could self-select satisfactorily (group 
I) were starved for two days and then placed 
again on self-selection for a recovery period, 
after which the procedure was repeated. Those 
that could not select satisfactorily were put 
on a restricted diet consisting mainly of casein 
and then placed on self-selection. The animals 
that could afterward select adequately (group 
TI) were starved for two days at the same time 
as the second starvation of group I. 

After a two-day starvation, rats did not 
show an avoidance for any particular food 
component, but rather a significant increase 
in the calories of fat consumed. Even when 
the dietary experiences of one group up to the 
time of starvation are quite different from 
those of another, both groups behave in a 
similar manner after starvation. 

The need for calories will cause rats to eat 
a nonpreferred food, such as casein; and 
furthermore, some animals then continue to 
eat casein in a subsequent self-selection situa- 
tion. 

The repeated stress of starvation is followed 
by an adjustment which is represented in 
behavior by an increase in consumption of fat. 
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DEPRIVATION STATES AND 


BEHAVIORAL ATTRIBUTES 


LEWIS PETRINOVICH anp ROBERT BOLLES! 


University of 


Warner’s findings that with 24-hr. depriva- 
tion thirsty rats would cross an electrified grid 
more often than hungry ones (3) have been 
interpreted to mean that 24-hr. water depriva- 
tion produces a “stronger drive” than the 
same number of hours of food deprivation. 
This has become a common interpretation in 
the literature. For example, Wickens, Hall, 
and Reid (4) recently invoked it to explain 
their experimental results. Such an interpreta- 
tion of drives implies that different depriva- 
tion states (e.g., hunger, thirst) may differ 
quantitatively but have the same qualitative 
effect on behavior; that is, they “motivate” 
the organism. From this point of view, the 
progress of an animal’s learning would not be 
intrinsically related to the specific deprivation 
used. Therefore, hunger or thirst would be 
equally valid deprivation states to use in any 
learning problem. 

This paper will present an alternative propo- 
sition: that different deprivation states have 
different qualitative behavioral effects; i.e., 
they call forth different kinds of behavior. 
Such a proposal would be congruent with 
Krech's recent suggestion that we cannot treat 
motivation apart from other behavioral at- 
tributes. Thus, he writes, **... we [can] not 
talk about...varying motivation and hold- 
ing knowledge constant. Varying any one set 
of significant stimuli [e.g., nature of motiva- 
tion] will vary all the attributes of behavior 
and experience" (1, p. 134). From this point 
of view, the specific nature of the deprivation 
state is relevant to the specific learning pat- 
tern which the organism must adopt. 

In connection with another study, the au- 
thors conducted an experiment (part of which 
is reported here as Problem I) in which rats 
were required to acquire a simple position 
habit. Thirsty animals showed performance 
which was superior to that of hungry animals. 
However, the data disclosed a significant differ- 


1 The authors are indebted to Professor Benbow 
Ritchie for his assistance in planning the research and 
to Professor David Krech for his assistance in preparing 
the manuscript. 
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ence with respect to variability which could 
not be readily accounted for by any quantita- 
tive difference in motivation. If we were to 
hypothesize a qualitative difference 1n be- 
havior, namely, that food deprivation produces 
greater variability in behavior whereas Water 
deprivation produces greater stereotypy» then 
the above data could be readily understood. 

To test the hypothesis that hungry rats are 
intrinsically variable in their behavior an 
thirsty ones stereotyped, Problem II, in which 
hungry and thirsty rats were required to adopt 
a response-alternation habit, was run. It was 
predicted that in this problem the hungry Ss 
would show superior performance because 9 
the greater variability of their behavior. 


PROBLEM I 
Subjects 


The Ss for this experiment were 78 male rats, =i 
proximately 100 days old, from the University of Ca 
fornia colony. 


Apparatus 


The apparatus was an elevated T maze, painted © 
flat black, in which the runways were 2 in. ei 
main stem 68 in. long, and each arm 24 in. long- h 
goal boxes were 10 in. by 10 in. by 1134 in., and cr 
was fitted with a one-way swinging door hinged at ! 
top and slightly weighted at the bottom. The starting 
box, which was painted white, was 9 in. by 5 in- D e 
in. and was fitted with a guillotine door. The stra!£ i 
away, starting box, and goal box used in the prelim 
nary training were replicas of those in the T maze 


Procedure 


Preliminary training. Each animal was handled AF 
proximately 5 min. a day for four days. At the ep y 
the fourth day food was removed from the cages © th 
the animals and water from the other half. On the Bn 
sixth, and seventh days the animals were yaaced mt 
min» in the straightaway goal box containing the was 
propriate incentive. Following this, each animal Wi" 
rea for four-days (three trials a day) on the eee 
away to the appropriate incentive. During this ti h 
the apimals were gradually habituated to operating eat 
‘door of the goal box. The animals were allowed t° ing 
and drink ad lib. for 1 hr. in their home cages follow 
the day's rva. Ew 

T-ataze training. After the preliminary fens " 
animals ran 27 trials (3 per day). The first 6 trit 5 pre- 
forced (trials 1, 2, and 4 rewarded; 3, 5, and gu 
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TABLE 1 


Trials to Criterion and Average Errors for the Learning 
Period for Both Groups 


| s; 
Group N | Trials | ey 


CR | Errors | Cyr CR 


i 
| 


H | 42} 14.6 | 0.52 3.44 | 0.38 
; 3.2* 2.0** 
T | 36 | 12.4 | 0.45 2.31 | 0.43 
* Significant at the .001 level. 
** Significant at the .02 level. 
i TABLE 2 
Distribution of Errors 
(Percentage of responses incorrect) 
Trial 
Group N Average 
1 2 3 
H 42 9.7 | 25.4 | 14.2 16.4 
T 36 11.7 | 11.4 | 10.0 11.0 


warded) to give the animals equal experience with the 
contents of the goal boxes. One goal box contained the 
appropriate goal object while the other contained noth- 


ing. The position of the correct goal box was left for 
half the animals and right for the other half. In this 
period the animals had the same motivation as in the 
preliminary training. 

The animals were run using the noncorrection 
method with approximately 15 min. between trials. 
They were allowed 20 sec. for consummatory activity 
In the goal box after a correct response and were re- 
tained in the goal box for the same time after a wrong 
Tesponse. 


Results 


The data presented in Table 1 indicate that 
the thirsty animals were significantly superior 
to the hungry ones in terms of average errors 
Over the learning period, as well as trials to 
Criterion (10 correct choices over four succes- 
Sive days—12 trials). 

Although the hungry group made more total 
errors than the thirsty group, there is an order- 
iness in the distribution of their-errors (Table 
2). The hungry group made more errors on the 
Second trial of each day than the thirsty group 
(the difference is significant at better. than the 
001 level of confidence) but the two groups 
Were comparable on the first and third trials. 
From this fact, and the differences between 

€ two groups in.trials to criterion and average 
€trors, we would conclude that the thirsty 
8Toup snowed a strong tendency to stereotype 
its choice-point behavior and, for this reason, 


° 
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obtained "better" performance scores. The 
fact that the hungry animals ran faster than 
the thirsty ones and made as many correct 
responses on the first trial of each day suggests 
that the performance of the hungry group was 
not the result of “lower motivation." 


PROBLEM II 


Subjects 


Twenty male rats from the University of Cali- 
fornia colony, approximately 110 days old, were di- 
vided into two groups of 10. 


Apparatus 


The apparatus used was the same as for Problem I. 


Procedure 

Preliminary training. This was same as for Problem I. 

T-maze training. This was same as in Problem I 
except in the following respect: The first trial of each 
day was rewarded no matter which side the animal 
chose. However, on the second trial the reward was on 
the side opposite that chosen on the first trial. On the 
third trial the reward was located on the side opposite 
that which the animal chose on the second trial, re- 
gardless of whether trial 2 was correct or not. It can 
be seen that a position habit would result in only one 
rewarded response each day, i.e., one-third rewarded. 
Thus the problem was a simple response alternation. The 
time interval between trials for all animals was about 


15 min. 


Results 

For the total 34 trials (scoring only the last 
2 trials per day) the hungry group averaged 
12.9 (om = 1.3) errors while the thirsty group 
averaged 28.1 (om = 2.7) errors. This differ- 
ence is significant at better than the .0001 
level of confidence. : 

The hungry group required a median of 23 
trials to reach a criterion of 10 correct choices 
out of 12 trials. Only three out of the ten 
thirsty animals reached the criterion before the 
experiment was terminated, and these three 
required 28, 30, and 34 trials, respectively. 

In this problem, also, the hungry group ran 
faster than the thirsty group. Performance 
curves for both groups on both problems are 
shown in Figure 1. . . 

If the superior performance of the thirsty 
group cn Problem I is interpreted as being an 
indication of a stronger “drive,” a contradic- 
tion arises when Problem II is considered. In 
Problem II, the thirsty group's performance 
was significantly inferior to that of the hungry 
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group, which would indicate that, in this prob- 
lem, the thirsty group's “drive” was weaker. 
However, this interpretation is invalidated by 
the fact that the deprivation conditions were 
the same for both problems. 


DISCUSSION 


To interpret the above results we have pro- 
posed that the physiological conditions ac- 
companying food deprivation produce a state 
of the organism which facilitates variability of 
behavior whereas those accompanying water 
deprivation produce a condition which facili- 
tates stereotypy of behavior. This would lead 
hungry animals to make errors in learning a 
position habit, but would lead them into the 
Correct response pattern in an experiment de- 
Signed to take advantage of this variability 
and, conversely, would enhance the perform- 
ance score of thirsty animals in learning a po- 
sition habit while hindering their acquisition 
of an alternation habit. 

One might speculate that this connection 
between hunger motivation and variability 
(and thirst and stereotypy) has biological sur- 


vival value. Rats, although they are omnivores 
in the wild state, continually “explore”? their 
environmen 


supply is presumably more fixed. Therefore, 
returning to the place where water was pre- 
viously found is adaptive. But returning to 


t to hunt food, whereas their water 
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where they last found food might not be as 
adaptive because of the uncertainties of food 
sources. 

It would be expected that this sort of 
"hunger exploration" would be more evident 
in carnivores, because their food supply Bs 
constantly on the move, and less evident n 
those herbivores who have a more stationary 
food supply. One might therefore regard the 
variability difference between hungry an 
thirsty animals to be a manifestation of be- 
havior patterns resulting from the evolution- 
ary process of natural selection. ý 

Quite aside from any “biological” a ote 
if one accepts the hypothesis that quu 
differences in deprivation produce qualitate 
differences in behavior, then it is necessary T 
re-evaluate references in the literature d 
ing variability of behavior. An example in 
this would be Krechevsky's paper on Moe 
Mechanisms and Variability” in which 
writes: “Variability in behavior is not only, 0 
even primarily, an effect of a particular set E 
‘undesirable’ environmental factors . . . but, x 
rather a characteristic of animal baro 
under almost any circumstances" Q, P 14 4 
And again, in describing his results, ^. - - nor- 
mal animals were [not] behaving in a *random 
fashion ... the normal animal tended toya 
an alternating mode of response... . the e 
mal animal showed no tendency to fixa/e 
nonvarying path...” (2, p. 152). "d 

However, in these studies Krechevsky a 
hungry rats. In the light of the present expe in 
ment, it is possible that his data do not pert?" 
to “normal animals" but only to noce 
hungry animals. In general, our results sug£ y 
that in any study of variability or stereotyP 
in behavior the nature of the "drive" u$ 
must be carefully considered. 


SUMMARY 


Hungry and thirsty rats were rün on A 
maze in two problems. In one, animals V 
required fo,learn simply the location © 
reward which was in a constant positio?" 


_the-second problem animals were require 


acquire a response-alternatioh habit. Thirsty 
animals excelled in the forme”, hungry 2217 
in the latter. cng that 
. We attribute these results to the fact © ye 
qualitatively different deprivation states 


> 
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qualitatively different behavioral effects. Spe- petes peu Ty Univer. of Pitts- 
Ju ] 5 urgh Press - Pp. 111-139, 
cifically, we suggest that the physiological 2. KRE VEND Brain mechanians and variability: 


Conditions accompanying food deprivation IL Variability where no learning is involved. J. 
facilitate variability and those accompanying comp. Psychol., 1937, 28, 139-163. 
3. Munn, N. L. Handbook of psychological research on 


water deprivation facilitate stereotypy of be- DOPE Wen ee AR E 
3 . . : H € rat. New York: Houghton In, k 
havior. The relationship of this suggestion to 4, Wicxens, DAD, Haass Ja S RSIDUL S A oan 


the problem of variability is discussed. tive and retroactive inhibition ag & function of 
the drive stimulus. J. comp. physiol. Psychol., 


REFERENCES 1949, 42, 398-403, 


1. Krecu, D. Cognition and motivation in psychologi- k 
cal theory. In W. Dennis (Ed.), Current trends in Received March 29, 1954. 
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nses (see reference 7 for a more complete 
edm d this ratio). It expresses the dif- 
ference in output between the first and second 
3-min. segments of the curve as a fraction 
(percentage in decimal form) of the output 
during the first 3-min. segment. (The in- 
flection ratio” = B — A/A, where A is the 
number of lever responses made during the 
first and B is the number made during the 
second 3-min. segment of the curve.) Complete 
cessation of lever pressing during the clicker 
(or second 3 min. of the curve) appears as a 
ratio of —1.00, essentially unchanged output 
appears as a ratio of around 0.00, and a 100 
per cent increase in output appears as a ratio 
of +1.00. 

The —1.00 “inflection ratio" value for 
group I indicates complete post-ECS retention 
of the CER. The values around 0.00 for group 
III, IV, and V, on the other hand, show the 
markedly attenuating effects of ECS treat- 
ments, administered anywhere from one per 
hour to one per day, upon the CER. For the 
animals in these three groups, the CS had lost 
its power to suppress the output of lever 
responses. Finally, the intermediate values of 
the inflection ratios found in groups II, VI, 
and VII indicate only moderate attenuation of 
the CER. For these animals the CS still 
retained some power to suppress lever pressing 
despite the fact that they had the same 
number of ECS treatments that had been 
given to all other groups. 


DISCUSSION 


The results of this experiment indicate quite 
clearly that the,attenuating effect of a fixed 
number of ECS treatments upon an emotional 
response conditioned by a fixed number of 
acquisition trials varies considerably as a 
function of the concentration or distribution of 
the treatments in time. The attenuating effect 
of ECS upon the CER is markedly reduced if 
the treatments are spaced as far apart as 48 
hr. or more, or if they are concentrated as 
closely together as 14 hr. or less. Furthermore, 
the ECS fails to have any demonstrable 
attenuating effect upon the strength of the 
CER if the treatments are so closely concen- 
trated that the animal receives, in effect, 
only one convulsion. Each animal of group I, 
given 21 single ECS stimulations in 21 sec., 
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showed only one convulsion, while several 
animals of group II, given one ECS treatment 
every 14 hr., did not have all 21 convulsions. 
The retention of a strong CER in these two 
groups during the post-ECS retention test 1s 
consistent with previous experimental demon- 
strations (4, 8, 9) of the critical role played by 
the convulsions in the attenuating effect of 
ECS upon the CER. f 
Clearly, however, considerations relative to 
the number of convulsions alone do not account 
for all the variance between groups 1n the 
present experiment. Indeed, all animals F 
groups VI and VII (which showed retention 0 
a strong CER during the post-ECS retention 
test) had 21 full-blown tonic-clonic convulsions 
as a result of the ECS treatments. The 
temporal dispersion of the treatments 1n these 
two groups, however, appears to have cone 
siderably reduced their effectiveness in at- 
tenuating the CER. : 
At least two possible explanations for this 
finding present themselves. First, previous 
research (2) has indicated that the CER tends 
to increase in strength with elapsed time alone. 
This suggests that 21 ECS dispersed over ? 
one- to two-month period may be less tha? 
maximally effective in attenuating a response 
grown stronger with time in these groups. 
second possible explanation may be that the 
ECS treatments derive their effectiveness fro™ 
the cumulative physiological consequences ° 
the convulsion. If this were the case, delays ° 
48 hr. or more between treatments, permitting 
considerable recovery from immediate post 
convulsive physiologic changes, would tend M 
reduce such cumulative effects and leave o 
CER only minimally affected. Indeed, wa 
support for this latter hypothesis is to he 
found in the consistently higher attrition rate 
following ECS (due to vertebral fractures; 
transactions of the spinal cord, gene 
debilitation, ctc.) found in animals recive 
concentrated doses of ECS (groups I, IL, en 
III). No such losses occurred in groups VI a n 
VII. Furthermore, had the convulsions y 
these latter two groups been maxim? 


effective in the physiological sense, they cou f 


have been expected to counteract any pene 
increase iíi the strength of the CER. Certa’? » 
the animals in group V showed virtu? h 
complete attenuation of the CER even thous 


EFFECT OF ECS ON CONDITIONED EMOTIONAL RESPONSE 


the ECS treatments were spread over a period 
(21 days) during which significant increases in 
the strength of the emotional response have 
been shown to occur (2). It is clear, however, 
that the effects of interaction between increases 
in the strength of the CER with time and 
dissipation of the cumulative physiological 
consequences of the convulsions with extended 
intertreatment intervals still remain to be 
explored in further experiments. 


SUMMARY AND CONCLUSIONS 


The present experiment investigates the 
magnitude of the effect of electroconvulsive 
shock (ECS) upon a conditioned emotional 
response (CER) of the “fear” or “anxiety” 
type, as a function of the temporal distribution 
of the ECS treatments. 

Eighty-four male albino rats were trained in 
lever pressing and received eight emotional 
conditioning trials, each consisting of a 3-min. 
presentation of a clicking noise terminated 
contiguously with a shock to the feet. Then 
the animals were divided into seven groups 
(12 rats each) and received 21 ECS with a 
different time interval between treatments 
(1 sec., 14, 1, 8, 24, 48, and 72 hr.) for each 
of the seven groups, respectively. 

Two days after the last ECS treatment for 
each group, all animals were tested for re- 
tention of the CER. The ECS had no dis- 
cernible effect on the CER in group I (one 
ECS every second) but did partially attenuate 
the CER in groups II (one ECS every 16 hr.), 
VI (one ECS every 48 hr.), and VII (one ECS 
every 72 hr). But ECS had the greatest 
eflect, completely or almost completely 
attenuating the CER, in groups III, IV, and 
V in which the animals received one ECS 
every hour, every 8 hr, and every 24 hr., 
respectively. 

"The results of this experiment indicate quite 
cle&iiy:tbat the attenuating effect of ECS 
upon the CER is in part a function of the 
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temporal distribution of the ECS treatments 
The range of optimal effectiveness appears t 
be between one ECS every hour and one ECS 
every 24 hr, with treatments administered 
more or less frequently producing less at- 
tenuation of the CER. 
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THE EFFECT OF A SERIES OF ELECTROCONVULSIVE SHOCKS 
ON WEIGHT CHANGE IN THE MALE ALBINO RAT 


JOHN A. STERN 
Washington University School of Medicine 


A number of authors have pointed out that 
when albino rats are subjected to a series of 
electroconvulsive seizures, one of the observ- 
able changes is an alteration in the animal’s 
body weight. The findings in general have indi- 
cated that when the male albino rat is sub- 
jected to a long series of ECS (8), it loses weight 
during the first 10 ECS treatments, shows 
some increase in weight from treatment 10 
through 90, and then rapidly loses weight, 
death ensuing somewhere between treatments 
90 and 150. When between 10 and 30 daily ECS 
were administered, investigators generally 
found a loss in weight during the first 10 to 15 
ECS, and then either a gain in weight at a more 
rapid rate than found in control animals (1, 2, 
7, 9) ora gain in weight less than or similar to 
a control group of animals (3, 4, 5, 6). 

The present study investigated weight 
changes under two experimental conditions: 
(a) where animals were kept on ad libitum food 
and water schedules throughout the experi- 
ment, and (b) where animals were maintained 
on a 23-hr. deprivation schedule for both food 
and water prior to, during, and for a short 
period after administration of the last ECS. 


METHOD 
Apparatus 


Shocks were produced by subjecting animals to an 
alternating current of 35 ma. for a period of 0.2 sec. 
Current was administered through modified alligator 
clips, good contact between pinnae and clips being 
maintained by use of electrolytic jelly. 

Animals were weighed on a spring-type balance. 
Weight measurements were accurate to within 2 gm. 


Subjects 


Animals used were drawn from male stock main- 
tained by the department of psychology of the ,Uni- 
versity of Illinois. Two groups were used for the experi- 
ments under condition of deprivation. These were a 
group of 16 animals apnroximately 260 days old and a 
group of 16 animals approximately 100 days of age at 
the start of the experiment. Twenty-two animals that 
were approximately 120 days old at the start of the ex- 
periment were utilized in the experiment where ani- 
—— ee ee tbe gt alot 


! These experiments were conducted in the psycho- 
logical laboratory of the University of Illinois. 


mals were kept on an ad libitum feeding regimen. Food 
used was dry Purina Lab Chow pellets. 


Procedure 


Each of the three groups of animals was divided into 
a control and experimental group, each control ER 
being subjected to the same procedures as the E a 
mental animals with the exception that they di fond. 
receive convulsive seizures. Older animals in the ke > 
and water-deprivation series were placed on the a 
rivation schedule 14 days before the first ECS d on 
administered, while younger animals were placer eis 
deprivation schedules 9 days prior to the first dule 
treatment and were maintained on this sche for 
throughout the period of ECS administration E dito 
a short period thereafter. They were then return e 
an ad libitum food and water schedule and obs PU 
an additional number of days. Different periods 0 rs 
shock deprivation schedule between the old and 3 als 
animals were utilized because it took the old an!" 
longer to adapt to the deprivation schedule in terms 
weight stabilization, i.e., they lost considerable weg 
during the first 3 to 4 days of the experiment; the yonn 
animals did not show such an initial weight loss. for 
procedure for administration of ECS and feeding 
these animals was as follows: Animals were remove 
from their home cages and weighed, were then eerie 
duced into individual feeding boxes, and remaine 
these boxes for 1 hr.; they were then returned to 
room in which they were housed, were again weigher 
and returned to their home cages. These proced 
wete performed between the hours of 7 to 9 AM. ere 
ing the period of administration of ECS, animals W^ 
removed from their home cages between 7 and 9 Ein 
and subjected to the convulsive procedure, curre te 
being applied only to animals in the ECS group. re 
mals were subjected to a series of 16 ECS administe als 
at the rate of one per day for a total of 16 days. REA 
were placed in individual cages for approximately isive 
after ECS to recover from the effect of the convu's)’ 
seizure and then were returned to their home cing 
After the animals had returned to an ad libitum fee d 
schedule, they were weighed daily between the hour? g 
7 and 9 p.m. The group of animals maintained rt 
libitum feeding schedule throughout the. exper! and 
was weighed between the hours of 7 and 9 A. 
was convulsed between the hours of 7 and 9 P.M: 
fj ú 4 

RESULTS 


Since our prime interest was in jes O 
changes occurring as a function of a seily 
ECS, our: data were analyzed’in terms of ¢ ps 
weigut changes for each animal., Compa con* 
made were between the experimental an! 


weight 
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trol groups in each of our experiments. Analysis 
was made in terms of the number of animals in 
each group losing weight from one day to the 
next. This information was then grouped into 
nine- or ten-day intervals (9 to 10 days pre- 
ECS; first 10 days of ECS; last 6 days of ECS 
plus the next 4 post-ECS days; and a 10-day 
post-ECS period). These periods were utilized 
for comparison because the findings of other 
investigators indicated that animals generally 
lost weight during the first 10 ECS treatments 
and then started to gain weight. The critical 
period under investigation thus was the first 
10 days of the ECS period, with the other 
periods acting as controls. 

Statistical analysis utilized the Mann-Whit- 
ney U test. Table 1 presents our findings. A 
similar analysis was made in terms of mean 
weight change per group from day to day. The 
results of this analysis are consonant with the 
results of the above analysis and will therefore 
not be presented. 

As is apparent from our graph, and as was 
borne out by statistical analysis, the control 
animals in group A were significantly heavier 
than the experimental animals at the start of 
the experiment. This finding accounts for the 
one significant difference found in the com- 
parison between these two groups of animals. 
The heavier control animals initially lost more 
weight than the lighter experimental animals, 
hence the significant difference between: the 
pre-ECS comparisons. When the effect of 
weight was partialed out by using a ratio of 
weight change over mean weight, this signifi- 
cant difference disappeared, and no significant 
differences between the two groups of animals 
were found. A similar analysis was conducted 
for the group B experiment since a tendency 
toward a significant difference was found in 
comparing the control and experimental ani- 


a TABLE 1 


Analysis of Weight Change in Terms of Numbér of 
Animals per Day Losing Weight " 


R D 
9 to 10 Days [First 10 Days] EPCs and |Next 10 Days 


Group |^ Pre.ECS ofECS | Next 4 Days 
a) SS LLILILÁÁÁM— 
A 0.02* 1 0.4 0.5 e| 0.5 
B | >0.5 0.1 >0:5' ||, os 
C [9.5 0.01* 20.5 0. 
nal. NE |, A E  L 
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MEAN WEIGHT IN GRANS 


Fic. 1. Daily mean weight for the three groups 
(group A—old animals maintained on deprivation 
schedule; group B—young animals maintained on dep- 
rivation schedule; group C—young animals main- 
tained on ad libitum feeding schedule throughout the 
experiment) 


mals during the period of ECS administration. 
Again no significant differences were found. 
The significant difference between experi- 
mental and control animals of the group main- 
tained on ad libitum feeding schedule during 
the period of administration of the first ten 
ECS is in agreement with the finding of other 
investigators. 

Figure 1 presents the daily mean weight data 
for the three groups (group A—older animals 
maintained on deprivation schedule; Group- 
B—younger animals maintained on depriva- 
tion schedule; group C—adult animals 
maintained on ad libitum feeding throughout 
the experiment). Three animals died during 
the experimental series; all of these were in 
group A and were part of the ECS series. One 
died after the fourth ECS; the other two after 
the ECS series had been completed. None of 
the animals that died during the course of the 
experiment was included in the weight analysis 
shown in Figure 1. As can be seen from Figure 1 
(A and B), as well as from the statistical analy- 
sis, a series of ECS administered to animals 
on deprivation schedules does not affect their 
weights as compared with those of a control 
group; similarly, when animals are returned to 
an ad libitum feeding schedule, convulsed ani- 
malsgain weight and stabilize at the same weight 
level found for nonconvulsed animals. These 
findings are true for animals that have attained 
a relatively stable weight level at the start of 
the experiment (group A) as well as for animals 
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that were still gaining weight when the experi- 
ment was started (group B). Animals main- 
tained on ad libitum schedule show weight 
changes akin to those reported by a number of 
authors (3, 4, 5, 6). As indicated in Figure 
1 (C), the convulsed animals started to lose 
weight after the first convulsion and continued 
to lose weight through the ninth convulsion, 
leveled off at approximately the tenth convul- 
sion, and maintained themselves at this weight 
level throughout the remainder of the experi- 
ment. 


DISCUSSION AND CONCLUSIONS 


The findings of these experiments indicate 
that a series of ECS will effect weight changes 
in male albino rats under specific conditions, 
i.e., where animals are kept on ad libitum feed- 
ing schedules. Where animals are kept on a 
23-hr. deprivation schedule, they maintain 
themselves at the same weight level as control 
animals and show weight gains comparable to 
those of control animals when taken off the 
deprivation schedule. Water and food intake 
were also measured for the animals maintained 
on the deprivation schedule. Measurement of 
water and food intake indicates that the series 
of ECS had altered neither water nor food in- 
take of the convulsed animals as compared 
with the control group. Similar information was 
not available for our animals maintained on 
the ad libitum feeding schedule (group C). 
Politzer (6), however, found that both food 
and water intake is decreased during the early 
phases of a series of 25 ECS administered at 
the rate of one ECS per day; that after about 
9 ECS food and water intake slowly begins to 
increase; and that after completion of the 
series of ECS both food and water intake of 
the experimental group is larger than that of 
the control group, although the experimental 
animals maintained themselves at a weight 
level below that of the control group through- 
out the experiment. 

One of the interpretations of the weight 
changes occurring curing a series of ECS has 
been cast within the conceptual framework of 
Selye's General Adaptation Syndrome-(1, 8). 
The daily convulsive seizures are considered 
to be the stressor agent to which the organism 
reacts adaptively. The weight changes are con- 
sidered as one of the nonspecific systemic re- 
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actions; the stages through which the GAS 
develops are reflected in the weight changes. 
Since we consider both a series of ECS and 
systematic food deprivation to be stressor 
agents, it might be more advisable to superim- 
pose the food-deprivation stress on the ECS 
stress since we have more information about 
the stages of adaptation the animal is in after a 
given number of daily ECS has been admini- 
stered. We hypothesize that animals enter the 
countershock stage roughly between ECS 
and 15, are in the resistance stage between 
ECS 16 and 90, and in the stage of exhaustion 
from ECS 91 until death. Effect of crossed 
stress (food deprivation) should have & dif- 
ferential effect on the nonspecific response 
(weight change), depending on where it 1s intro- 
duced. Theoretically, if introduced during the 
countershock stage, it should affect ongoing 
weight changes little; during the resistance 
stage it should produce more of a weight loss 
than it did when introduced during thé 
countershock phase; and if introduced early 19 
the exhaustion stage, it should hasten deat d 
Adaptation to the stressor agent is indicate 
by the leveling off of the weight curve some 
where between convulsion 8 and 12 and 4? 
increase in weight generally occurring before 
the series of ECS is completed. As Riess h25 
shown, when the series is extended to above 
ECS, the animals again start losing wel8 4 
become generally debilitated, and are e 
sidered to have reached the exhaustion s 
of the GAS. The findings for our anoa 
kept on a deprivation schedule and subjected R 
ECS while on such a schedule may also fit pu^ 
this framework if we consider the deprivat à 
schedule as a stressor agent. We would hypot á 
esize here that our animals (which had bee 
on the deprivation schedule for a period O al 
or 14 days prior to the first ECS) had start t 
to adapt to thjs stress, i.e., were in the “can x 
ershock” phase, and that the *adcptability i 
of «he organism was “mobilized” so that gen 
eral resistance to stress in general was rasei 
A crucial experiment to test this applicatio” A 
the GAS theory would be to subject the ^ s 
mals to a deprivation schedule for a 1098 5 
period of time so that they can be assume ce" 
have. passed into the “stage of resistan ig 
during which the animal is more highly ep 
tant to the specific stressor agent (foo! 
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rivation in this case) and would become less 
resistant to other damaging stimuli, ie., a 
series of ECS. We would then expect our ani- 
mals to lose weight during the series of ECS. 
We feel that this theory adequately accounts 
for the above finding. Until experiments elab- 
orated above are performed, we feel that re- 
search within the framework of this theory will 
prove to be fruitful. 


SUMMARY 


This experiment was designed to measure 
weight changes in male albino rats subjected 
to a series of ECS administered at the rate of 
one per day for 16 days under two experimental 
conditions: (a) where animals were maintained 
on ad libitum food and water schedules 
throughout the experiment, and (b) where 
animals were maintained on a 23-hr. depriva- 
tion schedule for both food and water prior to, 
during, and for a short period after administra- 
tion of the last ECS. Results indicate that 
under conditions of ad libitum feeding animals 
lost weight between the first and ninth convul- 
Sion, weight leveled off after approximately ten 
convulsions, animals maintaining themselves 
at approximately this weight level for the re- 
mainder of the experiment. Animals subjected 
to a series of ECS under conditions of food and 
water deprivation do not show any difference 
in weight change when compared with control 
animals either during the period of deprivation 
or upon return to ad libitum feeding conditions. 
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The findings are interpreted within the frame- 
work of Selye's General Adaptation Syndrome. 
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FORCE OF RESPONDING DURING EXTINCTION AS A FUNCTION OF 
FORCE REQUIREMENT DURING CONDITIONING! 


WALTER C. STANLEY anp MARJORIE STADELE AAMODT 


Brown University 


Two articles (1, 3) have recently criticized 
experiments designed to test the fatigue (5, 
6) or reactive inhibition (2) theories of extinc- 
tion because these experiments failed to con- 
trol “habit strength"— specifically, force re- 
quirement per response during conditioning. 
According to this criticism, two studies (6, 7) 
interpreted as supporting fatigue or inhibition 
theories of extinction may be regarded as 
demonstrating that requiring forceful responses 
during conditioning yields forceful responses 
during extinction. It is a further implication of 
this criticism that if a reinforcing stimulus is 
made contingent on weak responses, then weak 
responses should occur during extinction. 

It was the purpose of the present experiment 
to determine the validity of both these hypoth- 
eses. Specifically, it was expected that force 
requirement during conditioning would be 
positively related to forcefulness of responding 
during extinction. Conditioning with a moder- 
ate force requirement per bar-pressing response 
in rats should yield more incomplete bar presses 
during extinction than conditioning with a 
heavy force requirement. Conversely, condi- 
tioning with a heavy force requirement should 
yield more complete bar presses during extinc- 
tion than conditioning with a moderate force 
requirement. 


METHOD 
Subjects and Apparatus 


The Ss were 16 experimentally naive male albino 
rats of Wistar stock maintained by the psychology 
department of Brown University. Their mean age was 
79 days (range, 72 to 86) at the start of taming. 

The apparatus consisted of a wooden box 12 in. by 
12 in. by 5 in. deep, with a hinged glass front and a 14- 
in. hardware cloth floor. The bar assembly consisted 
ofa rectangular brass frame 514 in. by 134 in. by p in. 
thick; it was pivoted at its center and extended 4 in. 
into the right end of the box 414 in. above the floor. 
The gram mass required to depress the bar could be 
varied by hanging weights on the exterior end of the 
bar assembly. An electrically heated wire was attached 
to the end of the bar, and recorded all vertical move- 


1 This experiment constitutes a portion of an M.S. 
thesis carried out by the second author under the first 
author’s direction. 


ments of the bar on wax paper which moved at constant 
speed. Depression of the bar closed a mercury cup 
switch, activating a solenoid-operated food delivery 
mechanism, which delivered a dry food pellet into a 
food cup fastened to the floor below the bar. The dis- 
tance the bar had to move to activate the food-delivery 
mechanism could be varied from a fraction of a centi- 
meter to over 1 cm. A leaf-spring stop prevented bar 
depressions of more than 114 cm. 


Procedure 


Half the Ss were conditioned with a moderate force 
requirement (50 gm.), and half with a heavy force 
requirement (100 gm.). Half of each conditioning group 
was extinguished with a 50-gm. force requirement, half 
with a 100-gm. force requirement. In terms of force 
requirement during conditioning and extinction, re- 
spectively, the four groups which comprised the experi- 
ment were: 50-50, 100-50, 50-100, and 100-100. With 
age balanced, Ss were assigned randomly. 

Taming (12 days). The Ss were handled and fed 
(8 gm/rat/day) at the same time each day. 

Conditioning (12 days). Each SS was permitted to 
make 20 food-reinforced bar presses per day. On day 
1 a 10-gm. force was required to depress the bar the 14 
cm. necessary to activate the food-delivery mechanism. 
Conditioning on the first day was facilitated by the 
presence of several food pellets on the bar and in the 
aperture through which the bar protruded, and by E's 
completion of bar presses which approached }4 cm. 

Cn days 2 through 4 the minimal excursion of the 
bar necessary for food delivery was gradually increased 
to 1 cm. On days 5 and 6, the force required for a 1-cm. 
bar press was increased stepwise. For the 50-gm. con- 
ditioning groups, there was a 4-gm. increase every 
fourth bar press to 25 gm. on day 5, and about a 6-E?- 
increase every fourth bar press on day 6. On these 
same two days, the force required of the 100-gm. C9?" 
ditioning groups was increased to 50 and 100 gm. by 
10- and 1214-gm. steps. Thus, at the end of 12 day$ of 
conditioning, each S had made 124 food-reinforce 
bar presses which required a minimal force of 50 or 10! 
gm., after having made 116 bar presses of lesser force 
requirement. bonn 

A dry food pellet weighing about 0.04 gm. was used 
as a reinforcing stimulus. Supplementary feeding came 
at least 2 hr. after the end of each S’s daily session. 
Thus Ss were run after 19 to 21 hr. of food deprivation- 
For supplementary feeding Ss were given access tO 
Purina Lab Chow pellets for 1 hr. without water. 

Extinction (two days). The S was placed in the ap^ 
paratus for a 10-min. period each day. The food-de- 
livery mechanism was disconnected to eliminate au de 
tory secondary reinforcement due to'its activation 
Sirhilarly, use of the leaf-spring stop on the bar, it W25 
hoped, would minimize secondary reinforcement due to 
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FORCE DURING CONDITIONING AND EXTINCTION 


e——e 50-GM. CONDITIONING 


© -o 100-GM. CONDITIONING 


bL 
sr Lug 
= 
FORCE INCREASED 


TIME(SEC) TO MAKE 20 BAR- PRESSES 


1 4 $$ 4 es $& reese © Ww e 
2 DAYS OF CONDITIONING 


Fio. 1? Course of conditioning with 50-gm. and 100- 
gm. force requirements 


sudden stopping of the bar. Supplementary feeding was 
the same as during conditioning. 

One S in the 50-50 group was run only on the first. 
extinction day. Accordingly, the 50-50 group will have 
an N of 3 whenever data for both extinction days are 
lumped or whenever data for day 2 alone are being con- 
sidered, but an N of 4 whenever data for day 1 alone 


are being considered. 

The recording of bar presses during extinction was 
such that both incomplete responses (i.e., bar presses 
greater than 1 mm. and less than 1 cm.) and complete 
responses (i.e., 1-cm. bar presses that would have pro- 
duced food during conditioning) could be separately 
analyzed. 


RESULTS 
Conditioning 


The course of conditioning of the two force 
groups is shown in Figure 1. Mean total time 
to make 20 bar presses is plotted on days. It is 
apparent from the figure that the gradual in- 
creases in bar weight produced no differential 
break in the performance of the two groups. 


Extinction 


Table 1 summarizes the responding during 
extinction, broken down by days of extinction. 


TABLE 1 
"Median Bar Presses during Each Extinction Day 
me [e] Day! a Day 2 
Group* [ 
Complete Incom- Complete Incom- 
R's plete R's R s plete R’s 
50-50 55.5 8.5 20.0 4.0 
100-50 54.0 2.0 34.0 02.5 
50-100 |= 29.0 20.5 13.5 15.07 
100-100 | 31.5 9.0 | 17.5 4.0 


* On day 1, N, per group = 4; on day 2, N, 50-50-group = 
3; N, other groups =4. " 
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In terms of incomplete responses on day 1, the 
direction of differences is as expected. Thus, the 
50-50 group responded incompletely more fre- 
quently than the 100-50 group, and the 50-100 
group responded incompletely more frequently 
than the 100-100 group. Taken alone, neither 
difference is statistically significant when the 
group measures are analyzed by the Mann- 
Whitney nonparametric rank test (4). How- 
ever, when the differences are evaluated 
according to Wilcoxon's (8) technique for group- 
ing data, the is 015 for both tails of the dis- 
tribution of rank differences. 

On day 2 the incomplete responding of three 
of the groups was similar and negligible, while 
that of the 50-100 group was still quite fre- 
quent. The difference between the 50-100 group 
and 100-100 group has a ? of .04, both tails, 
according to the Mann-Whitney test. 

Combining the incomplete responding for 
both days (Table 2), we find that 50-gm. con- 
ditioning produced significantly more incom- 
plete responses than 100-gm. conditioning. The 
p is 04, both tails, according to Wilcoxon's 
grouped data test and .01 according to an 
analysis of variance F test performed on a 
square root transformation of the data. 

For complete responses only day 2 of extinc- 
tion shows statistically significant differences 
in line with expectation. Here the 100-gm. 
conditioning groups responded completely more 
frequently than the 50-gm. conditioning groups 
(p of .02, both tails, according to Wilcoxon's 
grouped data test). 

Table 2 also shows that the 100-gm. extinc- 
tion groups made fewer complete responses 
than the 50-gm. extinction groups during the 
two days of extinction combjned. The # for this 
difference is .05 according to Wilcoxon's 


TABLE 2 


Median and Mean Bar Presses for the Two Days of 
Extinction Combined 


|| Complete R's | Incomplete R’s Total R's 
Group* 
" Median| M  |Median M** | Median| M 
50-50 | 79.0 | 80.3 | 10.0 | 11.3 | 89.0 | 92.3 
100-50 | 88.0|94.0| 5.0 | 5.1 | 93.0 | 99.2 
50-100 | 44.5 | 43.5 | 35.5 | 32.4 | 74.0 | 79.0 
100-100 | 49.0 | 59.5 | 14.5 | 15.0 | 62.0 | 74.8 


* N = 15; N, 50-50 group = 3; N, other groups — 4. 
**'The figures in this column are squared means of square 
root transforms of the data. 
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values in terms of the relationship it bore to 
the no. 4 gray on the bottom half of the card. 
“Darker than" should be associated with 
jumping left, and “lighter than” should be 
associated with jumping right. Consequently, 
if this reference gray, no. 4, were now shifted 
up or down the brightness continuum, S’s re- 
actions to the other six grays should change in 
accordance with the shift in relationships 
resulting from this change in the reference 
stimulus. It is in this sense that we can speak 
of transposition behavior in this situation. 

The differential predictions made by the 
two theories for this type of transposition can 
be illustrated as follows. Suppose that during 
the test trials the top half of the two cards 
was gray no. 2 and the bottom half was gray 
no. 3. The specific stimulus theory would pre- 
dict a jump to the right because both grays 
had previously been associated with such 
behavior. Similarly, the relational theory 
would predict a jump to the right in that the 
top half was lighter than the bottom half. 
Both theories would predict the same on such 
a test. On the other hand if the top half was 
gray no. 3 and the bottom half was gray no. 
‘2, the specific stimulus theory would still 
predict a jump to the right for the same rea- 
sons as in the previous case, but a relational 
theory would predict a jump to the left be- 
cause the top half was now darker than the 
bottom half. Thus the two theories would 
make directly opposing predictions on such 
tests. 

It is apparent that several such test pairs 
leading to differential predictions by the two 
theories are possible among this set of stimuli. 
Consequently, this type of transposition ex- 
periment should provide a fairly clear-cut 
answer to the question of whether or not it is 
necessary to assume that relational responding 
is a fundamental form of behavior. 


METHOD 
Subjects t 


The Ss were 12 albino rats between 60 and 90 days 
old at the beginning ofthe experiment. They were 
tamed and then placed on a food-deprivation schedule 
during which they were allowed to eat all the foc? they 
wanted for 2 hr. each day. This schedule was started 
two weeks prior to the experiment and continued 
throughout the training and testing. 
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| 
TABLE 1 | 
Reflectances of Seven Grays as Measured by the | 
Illumitronic Engineering Reflectometer | 
(The illumination of these when in position was 
2.5 to 3.0 ft.-candles.) 


Reflectance 
Gray 
96 Log. 
i 73.0 1.863 
2 43.0 1.633 
3 30.0 1.477 
4 20.0 1.301 * 
5 15.5 1.190 
6 9.5 0.978 
7 7.0 0.845 
Apparatus 


The apparatus was a modified Lashley jumping 
stand painted a flat black. The windows were 7 in. 
by 9 in. The jumping platform was 8 in. from the 
windows and at a height such that S’s head was on the 
same plane as the mid-point of the two cards. The 
back of the platform from which Ss jumped consisted 
of a box, 12 by 12 by 12 in. The front wall of this box 
was of milk glass. A 100-w. lamp inside the box provided 
all the illumination for the apparatus. Because of the 
diffusion of the light through the milk glass, an even 
illumination of the two cards without shadows was 
obtained even though S stood in front of it. 

The seven stimulus grays used were obtained by 
mixing various proportions of flat black and flat white 
paint, and then painting a large quantity of paper with 
each mix. In this way several cards all of a constant 
gray value could be obtained. An attempt was made to 
have equal brightness steps between adjacent grays in 
the series, but as the reflectance values in Table 1 
indicate, this equality was not obtained. Stimulus cards 
were made from these gray papers by covering the top 
half of the card with one gray and the bottom half - 
with a different gray. 


Procedure 


The Ss were adapted to the apparatus by first feed- 
ing them on it, then teaching them to jump the gap to 
an open window, and finally to jump the gap when the 
windows were closed by stimulus cards of gray. Eack 
S was then given a “dry run" of 20 trials to there 
neutral cards during which either the right or left 
window was blocked in random order. If it jumped 
to the blocked one, S was placed back on the jumping 
stand and force to jump again until it chose the open 
one. It was hoped by this method to break the animals 
of position preferences and to adapt them to the type 
cf punishment involved. However this procedure 
seenzed to result in partial fixations for some Ss. During 
this adaptation period, as well as tk» remainder of the 
training and testing, S was never forced to jump by 
beating its tail or similar methods; S was always left 
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on the stand until it had initiated its own choice. It 
appeared that the heat and light coming from the box 
behind S increased the motivation to jump even when 
a series of punishments had occurred on the preceding 
trials. 

The training of Ss was in two stages. During the 
first stage only two different stimulus cards were used. 
They were 1/4, i.e., the top half was gray no. 1 and the 
bottom half gray no. 4, and 7/4. On a given trial both 
cards were exactly the same. The Ss were rewarded 
if they jumped to the right when the top half was 
lighter than the bottom and if they jumped to the 
left when the top half was darker than the bottom. 
Otherwise they were punished by a blocked window 
and fell to a platform below the apparatus. Training 
was by a'correction method; if 5 made a mistake, it 
was immediately picked up and forced to jump again 
until it made a correct choice. A trial consisted of one 
rewarded response. The stimuli were so arranged that 
not more than two jumps to the same side occurred on 


.consecutive-trials. Half the jumps were to the right 


and half to the left. Five trials a day, spaced at 20- to 
30-min. intervals, were given until Ss reached a criterion 
of 9 out of 10 consecutive correct responses. If upon 
reaching the criterion, any S was not jumping readily 
and directly at the stimulus card, it was given addi- 
tional training until this condition was corrected. 

During the second stage of training, all Ss were 
presented with the following set of six stimuli: 1/4, 
2/4, 3/4, 5/4, 6/4, and 7/4. These stimuli were pre- 
sented in six different orders with the restriction that 
not more than two jumps to the same side succeeded 
each other on consecutive trials. Again Ss had to jump 
right when the top half was lighter than the bottom 
half and to jump left when it was darker. Training was 
continued for 30 trials, with five trials per day. If by 
that time S had not reached a criterion of going twice 
through the sequence of six without error, training was 
continued until S did reach it. One of the 12 Ss showed 
Such a strong position preference that it was discon- 
tinued before the test trials. 

During the test period five trials a day were given; 
three were a continuation of the previous training 
trials and the other two were test trials. On the test 
trials both cards were unlocked and S was rewarded 
regardless of which way it jumped. The 24 test stimuli 
used are shown in Table 2. The following restrictions 
were imposed on the test stimuli: (a) each S went 
through the 24 stimuli in a different order; (b) on a 
given day 22 different stimuli were tested; (c) the two 
test stimuli presented to S on a given day were of such 
nature that if the animal jumped relationally, one of 
the. Ż:mps would be to the right the,other to the left, 
with the right jump occurring first on half the days 
and the left occurring first on the remainder; (d)-the 
test trials were given on the third and fifth trials of 
each day and so interspersed with the training tri-ls 
that if S reacted relationally to the test stimuli, it 
Would never be rewarded more than two consecutive 
trials on the same side; and (e) the pair of stimuli pre- 


Sented on a given day always had the same number of . 


brightness units between the two grays, €g., 1/2 and 
6/5 or 3/5 and 7/5. : s? 
Five ‘Ss, picked at random, were given posttst 
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training on a successive discrimination, It was assumed 
that if Ss had been reacting to the specific stimulus 
values, rather than relationally, they should be able 
to discriminate between grays no. 3 and 5 even though 
the reference value no. 4 was absent. They had done so 
during the original training trials when the bottom half 
of each card was gray no. 4. Consequently, each of these 
Ss was trained for 50 trials, 5 trials a day, on a successive 
discrimination involving grays no. 3 and no. 5. When 
both cards were no. 3, they had to jump right; when 
both were no. 5, they had to jump left. Rewards and 
punishment were correlated with these jumps in the 
same manner as during the original training. 


RESULTS 


In order to reach the criterion of 9 correct 
out of 10 consecutive trials on stimuli 1/4 and 
7/4, Ss required on the average 31.5 trials. 
With the overtraining given them, they aver- 
aged a total of 60.8 training trials on these 
stimuli. When transferred to the training 
stimuli 1/4, 2/4, 3/4, 5/4, 6/4, and 7/4, they 
required an average of 7.6 trials to reach the 
same criterion of 9 correct out of 10 consecu- 
tive trials. This indicates a considerable 
amount of transfer. Each S, however, was 
continued on these stimuli for at least 30 


TABLE 2 
Frequency of Relational Responses to 24 Test Stimuli 
Gray on Bottom Half 
det Stimulus and ance. % 
between Repos [ee ^A 
Grays No. |No. |No. |No. |No. |No. 
EXER EC m 
Stimulus |2/1/3/2/4/3/6/5|7/6 
+1 Relational | 8 | 7 | 8 |10 |11 80 
Nonrel. 3|4/|3|1]0 20 
Stimulus 1/2|2/3|4/5|5/6|6/7 
—1 Relational 10|9|31|15]|2.|:53 
Nonrel. 1121/8/69 | 47 
Stimulus | |3/14/2]5/3|7/5 
+2 Relational | 9 |10 |10 |11 91 
Nonrel. 2|1|1/0 9 
Stimulus 1/3,3/54/6/5/7 
—-2 Relational 11 |11 |10 | 6 | 86 
Nonrel. 0|0]1/|5/|14 
Stimulus |4/1/5/2/6/3 
a3 Relational |10 |10 |11 94 
Nonrel. 111|0 6 
Stimulus | 2/53/64/1 
-3 Relational 11 |10 | 8 | 88 
" Nonrel. 0111]3]12 
96 Relational |82 |84 |89 |84 |82 |48 | 80 
Nonrel. |18 16 |11 |16 |18 |52 | 20 
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trials or until it had gone through the se- 
quence of six stimuli two times in a row with- 
out error. As a consequence Ss averaged 48.8 
training trials on these stimuli. =... 

The Ss’ reactions to the 24 test stimuli are 
shown in Table 2. It should be noted that in 
21 of these cases, the majority of Ss chose the 
side predicted by the relational theory. The 
three exceptions are cases in which there is 
only one step difference in brightness between 
the top and bottom halves of the stimulus 
cards, ie., stimuli 6/7, 5/6, and 4/5. Alto- 
gether, 80 per cent of the 264 test jumps are 
n keeping with a relational hypothesis. The 
extent of this accuracy can best be appre- 
ciated by noting that during this time Ss 
were reacting to the three training stimuli per 
day with only 89 per cent accuracy despite all 
their previous training on these. Table 2 in- 
dicates that relational responding was least 
evident when the two grays differed by only 
one unit in brightness and for the darker 
grays, especially no. 7, which had the same 
reflectance value as the flat black paint used 
on the jumping stand. 

The first statistical test made was to deter- 
mine if there was any evidence of a progres- 
sive change in relational responding as the 
testing continued. Each S was tested on two 
stimuli each day, and a different pair of 
stimuli was used for each S. With the stimulus 
sets thus balanced from day to day, no evi- 
dence was found of a progressive change in 
the percentage of relational choices on test 
stimuli during this period nor of any change in 
the level of accuracy on the three training 
stimuli per day. Thus, while the continued 
training during the test period may’ have 
helped to maintain the tendency toward rela- 
tional choices, there is no evidence that Ss 
were actually learning such behavior during 
the test period. 

In contrasting the predictions of a specific 
Stimulus theory and a relational theory on 
these test stimuli, it is necessary to consider 
four different sets of test cards. On stimuli 
1/2, 1/3, 2/3, 6/5, 7/5, and 7/6, both theories 
make the same prediction. For instance, on 
stimulus 1/2 the specific stimulus theory 
would predict a jump to the right because S 
had always been reinforced for jumping right 
in the presence of both these grays. Similarly, 
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the relational theory would predict this be- 
cause the top gray is lighter than the bottom 
one. On these six stimuli 94 per cent of the 66 
test jumps were as predicted by both theories. 

On the second set of stimuli, 2/1, 3/1, 3/2, 
5/6, 5/7, and 6/7, the two theories make op- 
posing predictions. For instance, on stimulus 
2/1 the specific stimulus theory would predict 
a right jump because both grays had been 
associated with this response, whereas the 
relational theory would predict a left jump 
because the top gray is darker than the bot- 
tom one. On this set of six stimuli, 56 «per cent 
of the responses were in the direction pre- 
dicted by the relational theory; for six of the 
Ss the majority of their jumps were relation- 
ally determined, for three of them their 
choices were split equally between the rela- 
tional and specific directions, and for two the 
majority of their choices were in the direction 
predicted by the specific stimulus hypothesis. 
This percentage in favor of relational respond- 
ing differs from a chance split between the 
-10 and .20 levels of significance. It should be 
noted that the majority of these test stimuli 
involve two grays that differ by only one step 
in brightness. 

The third set of stimuli, 4/1, 4/2, 4/3, 4/5, 
4/6, and 4/7, is that in which gray no. 4, 
which was always on the bottom half of the 
cards during training, is now on the top half. 
In terms of the specific stimulus theory this 
gray should be neutral, having been equally 
often associated with jumps to the right and 
to the left. Consequently, S’s response to 
these test stimuli should be entirely deter- 
mined by the gray on the bottom half of the 
card. But this would always lead to just the 
opposite prediction from that of a relational 
theory, e.g., on 4/1 the specific stimulus hy- 
pothesis would predict a right jump because 
the gray no. 1 had been associated with this 
response, whereas the relational theory would 
predict a left jump because the top was darker 
than the bottom. On these stimuli 74 per cent 
of the jumps were relationally determined, 
wnich is Weli beyond the .01 level of signifi- 
cance. 

- The fourth and final set of stimuli, 2/5, 3/5» 


- 3/6, 5/2, 5/3, and 6/3, is that in which one 


gray is lighter than the neütral gray no. 4 
and the-other is darker. On these the spredic- 
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tions from the specific stimulus theory are 
ambiguous. Presumably the response should 
be determined by two factors: (a) the gray on 
the top half of the card should have more 
influence than the one on the bottom because 
during training this one was always the de- 
termining cue, and (b) the gray of the pair 
that is farthest removed in brightness from 
the neutral gray no. 4 should have the greater 
influence because of generalization. Depending 
on how these two factors are weighted, a wide 
variety of predictions can be made. If only the 
top half of the card is considered, the predic- 
tions are exactly the same as for the relational 
theory. This latter theory makes unambiguous 
predictions for each stimulus in this set. For 
this set of stimuli, 95 per cent of the responses 
Were in keeping with the relational prediction, 
a value significantly different from chance 
well beyond the .01 level. 

If the 12 stimuli of sets 2 and 3 above, for 
which the two theories make opposing pre- 
dictions, are combined, 65 per cent of the re- 
sponses are in accordance with the relational 
hypothesis, a value significantly different from 
chance at the .01 level. If, as Table 2 suggests, 
part of the failure to show relational behavior 
on some of these stimuli is due to the difficulty 
of the discrimination when the two grays are 
separated by only one unit of brightness, a 
clearer picture of the predominance of rela- 
tional responding is shown when this type of 
Stimulus is excluded from the comparison. 
Considering the 6 stimuli in the above set of 
12 in which the pair of grays differs by two or 
three brightness units, the percentage of rela- 
tional responding increases to 80. 

Five animals were given posttest training on 
a successive discrimination involving grays 
no. 3 and no. 5. During the original training 
these Ss had shown the ability to discriminate 
between cards 3/4 and 5/4. If, as the specific 
stimulus theory seems to imply, gray no. 4 was 
neuual, then according to this tiieory Ss must 
have been responding in terms of grays no. 3 
and no. 5. Consequently, one would expect 
that they would continue to respond fairly ac- 
curately even though gray no. 4 was removed 
from the Situation. Actually all discrimination 
between these two grays broke down, aad 
there was little if any sign of learning during 
the 50 training trials. During the first 10 of 
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these trials, Ss chose correctly 50 per cent of 
the time, and during the last 10 trials they 
chose correctly 58 per cent of the time. This 
supports the idea that this discrimination is 
very difficult when Ss must react to the 
stimuli as specific values, but that it is rela- 
tively easy when they can relate each of these 
grays to the reference gray no. 4 on a given 
trial. 


DISCUSSION 


In interpreting the results of this experi- 
ment, it should be borne in mind that the 
method of testing for transposition, and there- 
fore the actual definition of the term trans- 
position, in this study differs markedly from 
the usual method of testing. Usually S is pre- 
sented during training with two stimuli and 
taught to approach one of these and avoid the 
other. Transposition is then tested by present- 
ing S with two new stimuli. The implicit 
assumption is that the relationship between 
these new stimuli is the same as it was for the 
training pair. Thus, in this technique S always 
must select one of two simultaneously pre- 
sented stimuli; in addition only the relation- 
ship, not the specific stimuli, remains constant 
from the training to the test situation. 

In the present method the procedure is very 
different. While two stimuli are presented on 
each trial, S does not choose between them. 
Rather, S must react to the relationship be- 
tween them by jumping either right or left. 
Again all the specific stimulus values that are 
used during the test situation have been used 
during the training situation; they are con- 
stant. The aspect of the situation that is 
varied from the training to the test trials is 
the relationship these specific stimuli bear to 
each other. The test for transposition is 
whether or not the behavior varies concomi- 
tantly with these changes in relationship. 
Because of these differences in procedure, it 
would seem likely that the present method 
should be a more sensitive test for relational 
responding than is the usual method. In a 
sense S is forced to respond relationally from 
the beginning of training. Furthermore, S is 
familiar with all the stimulus values used 
during the test so that these should not in- 
troduce any disruptive effect. 

There would seem to be little question in 
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terms of the present results that in most in- 
stances Ss were reacting to brightness rela- 
tionships rather than to specific brightness 
values. A relational hypothesis is able to make 
a specific, unambiguous prediction about each 
of the 24 test stimuli used. Eighty per cent of 
the test responses were in keeping with these 
predictions, a level of transposition that is 
almost as great as the level of accuracy these 
Ss were able to maintain on the training 
stimuli during this period. Furthermore, it was 
shown that this level of accuracy was obtained 
on the very first day of testing and was not 
the result of learning or continued improve- 
ment during this period. 

It is true that on the six test stimuli, 2/1, 
3/1, 3/2, 5/6, 5/7, and 6/7, for which a rela- 
tional hypothesis and a specific stimulus hy- 
pothesis make directly opposing predictions, 
only 56 per cent of the responses favor the 
relational predictions and 44 per cent the 
specific stimulus hypothesis. This small dif- 
ferential, however, is probably not representa- 
tive of the true difference. It is especially 
questionable when it is noted that in the next 
set of test stimuli involving gray no. 4, where 
the two theories also make opposing predic- 
tions, the difference jumps to 74 per cent 
versus 26 per cent in favor of relational re- 
sponding. 

The lack of a significant differential in the 
first case seems to result from the difficulty of 
the discriminations involved in this set of 
tests. As can be seen from the logarithmic 
values for the reflectances in Table 1, the dif- 
ferences between grays no. 4 and no. 5 and 
between no. 6 and no. 7 are small as compared 
with the others. These two pairs of grays were 
the ones that gave results most opposed to the 
relational hypothesis, as shown in Table 2. 
This latter table also indicates two trends 
that lowered the percentage of relational 
responding. First, it indicates that when there 
was only one unit difference in brightness be- 
tween the top and bottom half of a «test 
stimulus, relational responding was reduced, 
Suggesting that the grays employed were not 
Spaced properly along the continuum for the 
most sensitive test of transposition. Secondly, 
it is evident that when the bottom half of a. 
test card was gray no. 7, the darkest gray, 
relational responding was minimal. This gray 
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has the same reflectance as the flat black used 
to paint the entire jumping stand. This sug- 
gests the possibility that as one of the grays 
on the card becomes very similar to the back- 
ground gray, this similarity may dominate 
the response and mask the perception of the 
difference in brightness of the two grays on 
the card. In a sense the darker gray is amalga- 
mated with the background so that relation- 
ship is obscured. If this hypothesis is correct, 
then this breakdown of relational responding 
on the dark grays should not have occurred if 
the background had consisted of stripes or 
some other distinct pattern. 

Although the evidence from this experiment 
indicates that Ss were responding to the rela- 
tional aspects of the stimulus situation, this 
does not imply that this mode of responding 
is more basic or fundamental than responding 
to the absolute or particular characteristics 
of the situation. Certainly the evidence to 
date indicates that the particular aspects can 
be the determining factor in behavior in many 
situations. Rather, this study indicates that 
when these particular aspects are minimized 
as reliable cues for behavior in a given train- 
ing situation, and the relational properties are 
emphasized, S is perfectly capable of respond- 
ing to the latter. 

It does suggest, also, that even in situations 
where S is presumably reacting to an absolute 
characteristic, behavior may be in part deter- 
mined by the relation between this chafac- 
teristic and the background stimuli. For 
instance in the usual successive discrimination 
involving black and white, this discrimination 
presumably would be easier to learn if the 
apparatus were painted a neutral gray than 
if it were either black or white. In the former 
case, the differential relations of “lighter than” 
and “darker than” between the two stimuli 
and the background should facilitate learning 
whereas these differential relationships would 
be lacking if the background was either white 
or-black. The fact that these Ss could dis- 
criminate the stimuli 3/4 and 5/4 during 
Original training but were unable to dis- 
criminate between grays no. 3 and no. 5 during 
the posttest training supports this suggestion- 

Acceptance of these results as evidence for 
the perception of, and response to, relation- 
Ships süggests an alternative interpretation © 
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those studies in which a correlation between 
mental age and amount of transposition be- 
havior has been shown (1, 3). Usually these 
studies have been interpreted as evidence that 
the specific stimulus theories are correct, but 
that somehow the development of language 
responses permits more widespread transposi- 
tion. The present study suggests this alterna- 
tive. Children can respond relationally prior to 
the development of language, but do not 
necessarily do so in all situations. However, 
the very factors that lead to the development 
of language behavior also lead to an emphasis 
on relational responding as the dominant 
mode of behavior in the child. The result is a 
correlation between the rate at which language 
and relasional responding develop. 

The technique used in the present experi- 
ment should be equally applicable to studies 
of transposition. phenomena involving size, 
form, or like dimensions. It would appear also 
to have advantages in the study of brightness 
thresholds. The rate of learning seems to be 
almost as great as on the usual simultaneous 
discrimination. At the same time much 
sharper contrasts between the two. bright- 
nesses can be obtained when both are on the 
same card than when they are spatially sepa- 
rated by the division between the two win- 
dows. "Therefore, more sensitive measures of 
differential brightness thresholds should be 
obtained. 


SUMMARY " 

Eleven albino rats were trained in a new 
type of transposition situation. The procedure 
consisted of training Ss on a successive dis- 
crimination in which each stimulus card con- 
sisted of two grays, one brightness on the top 
half and a different one on the bottom half. 
When the top half was lighter than the bot- 
tom half, Ss jumped to the right window, 
and when the top half was darker than the 
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bottom half, they jumped to the left window. 
When this discrimination had been mastered, 
Ss were tested on a set of 24 new relationships 
of this type. These were so selected that in 6 
of them both a relational theory and a specific 
stimulus theory of transposition would make 
the same prediction, in 12 they would make 
opposing predictions, and in 6 the relational 
theory could make an unambiguous predic- 
tion whereas the specife stimulus 
could not. 

1. For the entire set of 24 test stimuli, 80 
per cent of the choices were as predicted by 
the relational theory. 

2. For the set of six on which the two 
theories make the same prediction, 94 per cent 
of the choices were in agreement with them. 

3. For the set of 12 on which the two 
theories make opposing predictions, 65 per 
cent of the choices were as predicted by the 
relational theory. 

4. For the set of six on which only the rela- 
tional theory could make an unambiguous pre- 
diction, 95 per cent of the choices were in 
this direction. 

5. It is suggested that this technique should 
prove valuable in the study of other forms of 
transposition behavior and in the study of 
differential brightness thresholds. 


theory 
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MULTIPLE DISCRIMINATION LEARNING BY WHITE RATS 


PAUL E. FIELDS 


School of Fisheries, University of Washinglon: 


In an earlier study (1), 80 different stimulus 
cards were presented in more than 240 sepa- 
rate combinations to 11 white rats. Although 
these rats had eventually learned to respond 
in quick succession to many different positive 
stimuli, it was assumed that the basis of these 
earlier discriminations was the presence of a 
common logical element in all the positive 
cards, i.e., the quality of “triangularity.”” No 
one has repeated this work with nonrelated 
stimuli, and no serious attempt has been made 
to find out how many dive 
criminations a particular rat can learn and 
remember simultaneously. It was our purpose 
to investigate this problem as a first step in a 
study of the length of the discrimination series 
best suited to reveal learning decrements rc- 


sulting from exposure to certain potentially 
harmful stimuli. 


se visual dis- 


METHOD 
Subjects 


nty adult male albino rats of the Sprague- 
y strain were selected at random from the larger 
group in the laboratory colony. They were approxi- 
mately nine months old and weighed 380 gm. (average) 
at the start of the experiment. Their weight was reduced 
to 309 gm. during orientation to the problem before 
actual training to the pairs of cards was started, after 
which the weight was allowed to increase slowly. These 
rats were tested over a seven-month interval, 


Apparatus 


Three single units of the multiple visual discrimina- 
^ apparatus (2) previously described were used. 

. A large number of Stimulus cards was assembled in 
dissimilar looking pairs. "Thes pairs were then ar- 
ranged in a series, so that, in Es? judgment, the rat 
would not be rewarded with food by responding con- 
sistently to stimulus variable. Retinal exten- 
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sion, brightness, reflectance, total area, shape, pattern, 


and position of the object on the card were all v; 
in the series. 


ied 


The pairs of stimulus cards used are shown in Figure 
1. The columns are numbered from top to bottom, and 
cards occupying the same relative position in two 
adjacent columns constitute one pair. Thus, in Experi- 
ment I, cards 1 and 6 through 5 and 10 make up thè 
first series, cards 11 and 16 start series TI, cards 41 
and 46 start series HT, and cards 51 and 36 start series 
IV. Additional stimuli are shown in Figure 2 


Procedure 

The positive stimulus card was randomly shown in 
all five apertures of the multiple discrimination ap- 
paratus. Each stimulus was exposed in adjacent 
apertures while the other three contained plain black 
cards. The positive card of cach pair was randomly 
determined before training was started, and the nega- 
tive card was alw locked. The ri s rewarded 
immediately after cach jump to the positive card, and 
was required to correct its errors, Each card of a pair 
was the positive stimulus for half the animals in 
Experiment. I. 

The right-left position of the positive card and the 
pair of apertures used were determined from tables 
of random numbers and latin squares, The side on which 
the animal was introduced to the jumping platform 
was also randomized. No rat was run on two successive 
days by the same Although three separate dis- 
crimination units were used simultancously, except for 
test trials and photographic purposes the training given. 
a particular rat was on the same platform. After the 
rats had developed speed on the problem, ten successive 


trials were given in the morning and ten in the 
afternoon. 


Because of uncertainty concerning the rat's ability 
to memorize a large number of different stimulus cards, 
Experiments I and II were run concurrently. The rats 
in Experiment I (modified whole method) were required 
to learn five pairs presented in strict serial order to a 
criterion of 15 consecutive correct jumps to three 
successive repetitions of the same five pairs, while the 
rats in Experiment II (part method) learned each pair 
to a criterion of 10 consecutive correct jumps before e 
going on to the next pair. 

Preliminary training. Of the rats to be used on the 
five-pair problem of periment I, seven were trained 
to jump to a single vertical 20-mm. stripe and seven to 
a single horizontal 20-mm. stripe when presented with 
four black cards in the other apertures of the dis- 


» chal ir Force. crimination unit. After they were jumping rapidly, 
I E. obi Titled to. Richard S, Jassar, Rébert 20-mmr striae were substituted for the single stripe. 
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and horizontal 20mm. striae. On successive days the 
width of the striae was reduced through 15, 10, 7.5, 
and 5 mm., and only those animals were retained which 
successfully discriminated the smallest striae without 
further training. Only one rat (trained to vertical as 
positive) failed at the 5-mm, level 
in addition to providing a rough check on the indi- 
vidual rat's acuity, this habit of “looking for ditfer 
ful solution of 


Tt was assumed that 


t which was necessary to a succ 


*enc 
tfe acuity problem might possibly transfer when the 
perceptual symbols of the main experiment. were 


introduced. 


RESULTS 
eriment | 


Table 1 presents the performance data for 
all rats on each of four successive series of 
five pairs of cards. One rat failed to meet the 


criterion on series | and two failed on series 


ell. Guided training (2, p. 71) consisting of 
presentation of each of the five positive cards 
in serial*order with four black 
given at the start of series III, for a total of 
45 jumps. After this all 
the criterion in 136 jumps (28 repetitions of 
the series). All rats were then retested on the 
previous 13 pairs of cards in quick succe 


cards was 


rats successfully met 


ssion, 


and six rats met the .01 level of confidence on” 


the first test. trial. They were next ‘rained 
> 5 A n. P 
under greatly increased illumination so that 
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Designs used on stimulus cards 


motion picture records of their discriminative 
behavior could be obtained.” 


These records show rats trained on the 


serial problem making 15 consecutive correct 
jumps to these 15 pairs. The rats were able to 
maintain the discrimination above the .01 
level of confidence the first time the order in 
which ran- 
domized. This indicated that the response was 
not dependent upon the serial order of pre- 
sentation, Next a positive card was exposed 
with a negative card from some other previ- 
ously learned. pair, and the accuracy. remained 


the pairs were presented was 


unchanged. The next step involved random- 
ization of the order of presentation of the 
positive cards and presentation of them with a 
familiar negative card from another pair in a 
single 15-pair series. Three rats tested on this 
problem maintained their accuracy above the 
.01 level on the first test. trial after both of 
these changes had been made, and also after 
the familiar positive cards were presented 
with completely strange patterns as the other 


melassified personal motion pictures of these 
rats performing on various discrimination t 
shown at the 1952 meeting of the American Psychologi 
cal Association and the 1953 meeting of the Southern 
Society for Philosophy and Psychology 


sts were 
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Fic. 2. Examples of multiple stimulus settings 


member of the pair. One rat was photographed 
while being given 5 guided trials to an adver- 
lisement. When this advertisement was pre- 
sented with a second, it was chosen on^9 of 
the first 10 jumps. When the same advertise- 
ment was presented in a panel of 5 dissimilar 


advertisements, it was immediately chosen 20 
conseculive limes. 
Because of the break in training during 


the photographing of the rats on these new 


test probleíns and the loss of some of our ex- 


perimentai persennel, the six slowest rats 


~~ al^ at 
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TABLE 1 


Number of Jumps per Five-Pair Series before Making 
15 Consecutive Correct Jumps 
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TABLE 2 


Number of Jumps per Pair before Making 10 
Consecutive Correct Jumps 


Series No. | Cards Em Average Range gaisa Problem No. Cards getas An Range 
I 1-6 12/13 210 70-388 0 1 11-16 6/6 8 3-10 

I 11-16 | 11/13 149 96-196 0 2 12-17 6/6 35 13-51 

III 41-46 | 13/13 83 0-136 | 45 3 13-18 6/6 59 34-73 
IV 51-56 7/17 92 | 35-249 | SO 4 14-19 6/6 17 0-44 

5 15-20 6/6 17 1-4 

x 6 21-26 6/6 12 2-21 

were eliminated. The seven remaining rats all 7 22-27 6/6 7 0-19 
met the criterion to the new cards in series 8 23-28 6/6 27 1-62 
Iv. All of these were tested on 20 pairs of 9 24-29 6/6 34 2-70 

cards in quick succession in a single-trial 10 * 6/6 74 2-136 

‘period for Six consecutive days. Every rat was 2 da Be p nes 
above 80 per cent accuracy for the entire 13 25-30 5/5 Da ES 
period, and three met the criterion of 18 cor- 14 31-36 5/5 2 0:8 
rect unaided discriminations out of 20 jumps 15 t m 24 20-34 
on the first day. 16 33-38 | 4/4 45 | 20-68 
After the rats had completed the retest on 17 34-39 4/4 13 3-33 
the 20 pairs in a single series, the two that 18 35-40.| 4/4 24 18-31 


were again tested on new combinations of 
old positive and negative cards in a ran- 
domized order had no loss in accuracy. At- 
tempts to get these experienced rats to pick 
one picture when presented with four new 
pictures after only one guided trial to the 
positive card failed, although it was done with 
as few as three trials. The 20 pictures used in 
‘this part of the study were all new to the rats 
(advertisements cut from magazines, a5 in 
Fig. 2). 


Experiment II 


The data for the six rats that had been as- 
signed the problem of learning each pair to a 
criterion before going on to the next pair are 
presented in Table 2. These rats had originally 
been trained to jump to the vertical stripe, 
and were all required to jump to the smallest 


' "mümbered card (left-hand one) of each pair 


(see Fig. 1). 

It will be noted that the problems vatied 
in difficulty and that the same problem also 
varied in level of difficulty for individual rats. 
.Thus, they may not have been respondiag to 
the same cues irom the stimulus cards. . ~ 

Because of the rapidity with which they 
learnéd the first nine problems, these rats were 
tried on some discriminations which kad 


* E-A rotated 180°. 
1 Circle-square with area of 1225 sq. in. 
t Upright and inverted U. 


proven difficult for others. Problems 10, 12, 
and 15 were difficult probably because of con- 
fusion with other cards in the series, but were 
eyentually learned by all rats. Two of the six 
rats failed problem 11 (circle-square), prob- 
ably because of acuity requirements of the 
stimuli, as pointed out by Lashley (4). After 
the four quickest-jumping rats had learned 18 
pairs, they were retrained to the 15 pairs 
shown in Figure 1 in a consecutive series, 
starting with cards 11 and 16 and ending with 
cards 35 and 40. The four most difficult of the 
original 18 pairs had been ciiminated (prob- 
lems 10, 11, 12, and 15) and a new problem 
(cards 32 and 37) added. This latter problem 
was of interest because of the brightness re- 
versal involved. All the rats met the .01 level 
of tonfidence on the second day of the retest. 


DISCUSSION 


No formal experiments have been conducted 
to cérapare the effects of guided versus con 
ventional discrimination training. Additional 
supplementary data were secured after com- 
pletion of a later series of unpublished experi- 
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ments where 12 young control rats had 
learned four different series of five pairs of 
cards. Each rat was then able to meet the 01 
confidence level in its first discrimination test 
run after having been given only ten previous 
guided trials. The speed and certainty with 
which each of these 12 rats picked the one 
advertisement (a different one for every rat) 
from a panel of five was very impressive. 
Since this apparatus and method evidently 
“put the questions in a way that was intelli- 
gible even to rats” (5, p. 28), some question 
has arisen as to whether or not the rat’s 
newly demonstrated capacities should rate it 
a higher position in the evolutionary scale of 
intelligence. Lashley has emphasized that 
“the limits of capacity of each order of ani- 
mals are set by the kinds of relations among 
objects that it can perceive” (5, p. 31). In 
this study,an attempt was made to minimize 
the possibility of discriminations based on a 
perception of broad relationships and to force 
the rat to remember a great variety of minute 
visual details. The lack of similar studies 
prohibits interspecies comparisons at, this 
time. However, the speed with which a large 
number of diverse visual discriminations has 
been learned and simultaneously remembered 
would seem to qualify the white rat as a use- 
ful S for preliminary investigations of the 


effects of various harmful stimuli upon com- ^ 


plex psychological processes. The short life 
span of the rat makes it especially valuable 
for experiments in which S is exposed to some 
experimental variable at an early age and the 
effects studied as it grows older (3) or over 
successive generations. 


SUMMARY AND CONCLUSIONS 
e 


Nineteen male albino rats were trained to 
discriminate between paired visual stimuli on 
the multiple visual discrimination apparatus. 
For 13 of the animals a modified whole 
method was,used, where the cards werc al- 
ways presented in rigid series of five pairs 
each, and for six rats a strict part method was 
used. So long as cards in a stimulus series did 
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not closely resemble cards which had called! 
for the opposite response in an earlier series, 
and were easily within S's limits of acuity, 
these white rats were able to learn and to re- 
tain a discrimination series of considerable 
length. Fifteen- and twenty-pair series learned 
by the part and the modified whole method 
do not represent the upper limits of the rat’s, 
ability. 

Some insight into the nature of the rat's| 
response to the positive card is revealed by} 
the fact that 20 pairs composed of *10 unique 
cards which had been learned in rigid serial! 
order in five-pair series were responded to 
perfectly after (a) the order of the pairs was 
randomized, (b) each of the 20 familiar posi- 
tive cards was randomly paired with 20 
familiar negative cards, (c) the positive card 
was paired with new strange cards, (d) all) 
three of the above were combined in one con- 
tinuous series of 25 consecutive pairs at a 
single trial. 

After previous training to many paired 
stimuli, rats were able, in as few as five (and 
in some cases, three) guided trials to a single 
card, to pick the one new advertisement from 
a panel of five at better than the .01 level of 
confidence on their first ten discrimination! 
tuns. Such rapid learning is difficult to ex- 
plain on the basis of the limited perceptual 
ability conceded to the tat heretofore. : 
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